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This report is concerned with the prev- 
alence of chronic bronchitis, pulmonary 
emphysema, and bronchial spasm in an un- 
selected sample of 242 working bituminous 
coal miners in the U. S., whose ages ranged 
from 45 to 64 years. It forms a part of a 
larger survey designed to investigate the 
frequency of this disease in samples of the 
general male population of this age in the 
U. S. Two groups of nonmining industrial 
workers taken from the larger survey are 
used here for purposes of comparison with 
the coal miners. 


DEFINITIONS 


Chronic bronchitis is a diagnosis that med- 
ical students have often been taught to avoid. 
This is largely because, in the past, the diag- 
nosis was not infrequently used before other 
serious pulmonary disease such as tubercu- 
losis had been excluded. With improvements 
in diagnostic techniques, it is now possible 
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Bronchitis, Emphysema, and 
Bronchial Spasm in Coal 


An Epidemiologic Study 


to diagnose these other diseases with con- 
siderable accuracy. When those with clearly 
defined respiratory disease are excluded, 
there still remains a sizable group of patients, 
mainly men over 45, who have chronic or 
recurrent cough and sputum which in the 
later stages is complicated by dyspnea on 
exertion due to the development of emphy- 
sema and often by wheezing caused by bron- 
chial spasm. This disease is usually insidious 
in its onset; it is not accompanied by pain 
and at first causes little disability. Although 
it is well recognized by physicians, it is diag- 
nosed under various headings. Early in its 
course it may be called acute bronchitis, 
bronchiolitis, tracheitis, or bronchial catarrh. 
If the condition becomes chronic, with copi- 
ous sputum, bronchiectasis is the diagnostic 
term not infrequently employed, even though 
no bronchographic studies may have been 
made. Later on, if bronchial spasm develops, 
it may be called asthmatic bronchitis, bron- 
chial asthma, or allergic bronchitis. 


The triple title, chronic bronchitis, emphy- 
sema, and bronchial spasm, has been used 
here for the following reasons. The disease 
most frequently starts as an acute inflamma- 
tory condition of the bronchi and later be- 
comes chronic. Reid (1954) has described in 
detail the pathology of chronic bronchitis and 
has shown that the most characteristic fea- 
ture is hypertrophy of the mucous glands and 
goblet cells of the bronchi and bronchioles. 
Pulmonary emphysema, which may be gen- 
eralized or focal, is a distinct pathological 
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entity, and, although there may be difficulties 
in its diagnosis on the basis of clinical signs, 
respiratory function tests now available help 
considerably in its identification, Bronchial 
spasm which represents a disturbance of 
function rather than an anatomical change 
can be fairly reliably diagnosed on the his- 
tory, and, if present during physical exami- 
nation, the sibilant rhonchi to which it gives 
rise are unmistakable. 

These three elements, then, are distinct 
and recognizable, and their development 
roughly represents three stages of the dis- 
ease. Their use separately and together pro- 
vides a means of estimating the severity of 
the condition, and a man showing all three 
stages represents a more advanced case than 
the man with bronchitis alone. The patient 
with the fully developed condition is subject 
to two further complications: acute pulmo- 
nary infection, which may take the form of 
acute bronchitis, bronchiolitis, or broncho- 
pneumonia, and cor pulmonale with right 
heart failure. These are the usual modes of 
termination of the disease. In a survey, such 
as this, of men all of whom were still work- 
ing, these complications were naturally not 
encountered. The following are the criteria 
which were employed in making the diag- 
noses of bronchitis, emphysema, and bron- 
chial spasm. 


Bronchitis —This was diagnosed if the 
subject said he had had cough and sputum 
more or less continuously for three years or 
more or if he had had attacks lasting three 
weeks or more for the last three winters, 
provided no other cause for his symptoms 
was discovered. In cases of doubt, positive 
answers to the following questions were held 
to strengthen the diagnosis: 


Does the sputum on occasions become yellow? 


If you get a cold, does it tend to go down into 
the chest? (Oswald [1953] found this a useful 
distinguishing symptom.) 

Have you lost more than a week off work be- 
cause of chest trouble in the last three years? 


Did the cough come on following an attack of 
pneumonia? 


Have you ever had to go into the hospital be- 
cause of your chest? 
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The physical examination was not helpful in 
the diagnosis of bronchitis. In the absence of 
bronchiectasis, bronchial spasm, or acute 
complications, adventitious sounds are heard 
only infrequently in the chest in cases of 
chronic bronchitis in adults. In the absence 
of bronchographic studies it was not consid- 
ered possible to make an accurate diagnosis 
of bronchiectasis. In consequence, it is pos- 
sible that some cases of this disease were 
included under the heading of bronchitis. 

Emphysema.—This was diagnosed largely 
on the results of a respiratory function test, 
the one-second timed vital capacity (T. V. 
C.). This test measures the proportion of the 
vital capacity expired in the first second of 
a forcible expiration following a maximum 
inspiration, 

Gaensler (1951) showed that there was a 
high degree of inverse correlation between 
the ratio residual volume/total lung volume 
and the T. V. C. and that the latter test was 
of considerable value in the diagnosis of 
emphysema, bronchial spasm, or tracheal 
stenosis. No cases of tracheal stenosis were 
discovered in the course of the survey. Low 
values of the T. V. C. were therefore pre- 
sumed to indicate emphysema or bronchial 
spasm or both. 


In the course of another survey (Grant 
and Pemberton, 1956) it was found that the 
mean one-second T. V. C. in healthy men 
aged 40-88 was 79% (S. E. + 7.21) and 
bore no significant relationship to age. It was 
assumed in the present study of coal workers 
that subjects in whom the one-second T. V. 
C. was less than 60% had emphysema. When 
the one-second T. V. C. was 60%-69%, em- 
physema was diagnosed if one or more of the 
following additional features were present: 
chronic bronchitis, a history of wheezing, 
sibilant rhonchi heard on examination, a his- 
tory of dyspnea (Grade II or more, Fletcher 
[1952]), or well-marked radiological evi- 
dence of emphysema. In a few cases, emphy- 
sema was diagnosed even though the T. V. 
C. was over 70%. This occurred in some 
cases with a very low total vital capacity or 
where the other evidence for emphysema was 


BRONCHITIS, EMPHYSEMA, AND 
very strong. Since bronchial spasm alone will 
give rise toa low T. V. C. reading, it is pos- 
sible that some of the cases diagnosed as 
emphysema were examples of pure bronchial 
spasm. Clinical experience, however, sug- 
gests that in this age group there would be 
few, if any, cases having bronchial spasm 
but no emphysema. 


Fletcher (1952) has demonstrated the un- 
reliability of clinical signs commonly used in 
the diagnosis of emphysema, and Knott and 
Christie (1951), the lack of agreement in the 
radiological diagnosis of this condition. For 
these reasons the clinical and radiological 
evidence was regarded only as confirmatory 
or otherwise. 


Bronchial Spasm.—This was diagnosed in 
any of the three following conditions : 


(a) when sibilant rhonchi were heard on 
auscultation of the chest. 

(b) when the subject reported that he 

heard wheezing in his chest on oc- 

casions and that his wife or another 

person could also hear it; 

(c) if he had heard wheezing himself but 

did not know whether anyone else 

could hear it and if he also had bron- 

chitis and emphysema. 


Subjects who gave a history of wheezing 
attacks starting before the age of 25 were 
diagnosed as having primary asthma. 


DIAGNOSTIC GROUPS 


In the Tables dealing with diagnoses four group- 
ings of diagnoses have been used: 

Group I Negative 
Group IIL Emphysema or _ bronchial 
spasm separately or together ; 
no chronic bronchitis 
Group III Chronic bronchitis alone or 

with either emphysema or 

bronchial spasm 

Group IV Chronic bronchitis with em- 

physema and bronchial spasm 

Group I was negative from the point of view of 
chronic bronchitis and its complications. The eight 
cases of primary asthma were placed in this group. 
Group II was a doubtful group, in which there was 
evidence of emphysema or bronchial spasm but no 
cough or sputum. In Group III were placed the 
men with chronic bronchitis, alone or with em- 
physema or bronchial spasm. Group IV included 
only those with the fully developed condition— 


BRONCHIAL 


SPASM 


having all three components: chronic bronchitis, 
emphysema, and bronchial spasm. 

The four groups, therefore, represent a gradient 
of severity from no disease to advanced disease. 
Group I are the negatives and Groups III and 1V 
the positives. As in most diseases, there is a sec- 
tion of the gradient where the distinction between 
health and disease is obscure. This doubtful area 
is represented by Group II. Group III represents 
definite but not fully developed disease. In some 
Tables, Groups III and IV have been amalgamated 
to produce a more satisfactory group for statistical 
analysis. 


THE SAMPLES OF MEN EXAMINED 

The ages of all the men examined ranged from 
45 to 64. This age range was chosen because 
experience in Britain has shown that, apart from 
infancy, bronchitis does not become a 
serious community problem until middle life and 
after. Retirement from work and the increasing 
frequency of degenerative cardiovascular disease 
after the middle 60’s, the symptoms of which may 
simulate chronic bronchitis, render 64 an appro- 
priate upper age limit in studies of this nature. 
Three samples of men in this age group were 
examined, and these have been designated the 
coal workers, the Ayer group, and the Lynn group. 


chronic 


The Coal Workers—tThe sample of bitu- 
minous coal workers was obtained through 
the cooperation of local unions at a center in 
each of the three states of Pennsylvania, 
Ohio, and West Virginia. Approximately 
equal numbers were examined in each of the 
three centers. At the union meetings every- 
one in the right age group was encouraged 
to attend. It was pointed out that the survey 
would help to detect lung disease at an early 
stage and might prove valuable in relation 
to workmen’s compensation. In using the 
volunteer method for surveying a population, 
unless a very high percentage of the available 
population volunteers, there is always the 
possibility that the volunteers display more 
or fewer of the characteristics which are 
being studied than the population from which 
they are drawn. 


An attempt was made to allow for this 
possible error by segregating within the 
sample of coal workers a subsample for which 
the number of eligibles was known. Thus, at 
Center A inquiries revealed that from one 
large local union 50 men out of 162 members 
known to be in that age group attended and 
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at Center B there were 24 out of 75 eligibles 
from one local. These are not high percent- 
ages, and it is probable that there were sev- 
eral reasons, not relevant to the study, why 
some failed to come, For example, if they 
had not been at the union meeting they 
might not have heard about the survey or 
they might have been working on a shift 
which made it difficult to attend. 

The subsample of coal workers for which 
the denominator was known was analyzed 
separately for bronchitis prevalence (see 
Table 3). Although the numbers in each 
diagnostic group were small, the figures 
strongly suggest that the subsample was 
representative of the whole sample. The sub- 
sample also closely resembled the whole 
sample in respect of other characteristics 
which were examined, for example, age dis- 
tribution and number of years worked under- 
ground. It would appear, then, that even if 
the highest possible degree of self-selection 
had occurred and all the miners with pul- 
monary symptoms came for examination and 
all those without stayed away, the prevalence 
rates found should be reduced to one third 
of those stated. There is no evidence that 
such an unlikely degree of self-selection had 
occurred, Another possibility could be that 
those who knew themselves to be sufferers 
from chronic chest disease stayed away and 
this could make the rates found too low. 
Again, there was no evidence that this had 
occurred and, because their own union helped 
to arrange the survey, it is unlikely that any 
stayed away from fear of losing their jobs 
on account of the findings. 

Among the 276 miners who came for the 
examination, there were 20 who were spe- 
cially referred by local physicians to the sur- 
vey center because of suspected chest disease 
and a further 14 who fell outside the age 
range selected for study. These groups have 
been excluded from the tabulated results, 
leaving a group of 242 in all. 

The Ayer Sample.—The survey in Ayer 
included 600 men over 40 years of age living 
in a rural area some 40 miles northwest of 
Boston who attended the Nashoba Health 
Center in Ayer for a voluntary routine ex- 
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amination of the chest. All occupational 
classes and many occupations were repre- 
sented. For the purpose of comparison with 
the coal miners, the records of all the em- 
ployed industrial workers aged 45-64 have 
been separated, composing a group of 238 
in all, 


The factories where these men worked 
were small old-established concerns situated 
in small country townships whose popula- 
tions ranged from 500 to 4000. They included 
a tannery, two paper mills, a cordage factory, 
a cutlery works, and a plant manufacturing 
elastic underwear. The attendance rate from 
these factories was very high. In two of them, 
information about the number of eligibles 
was obtained and it was found that 47 out of 
54 had come from one and 50 out of 52 from 
the other. This sample can therefore be re- 
garded as representative of an industrial 
population from small factories situated in a 
rural area. 


The Lynn Sample—The Lynn sample 
consisted of male employees aged 45-64 at 
a large engineering works situated in this 
semi-industrial city of some 100,000 inhabi- 
tants about 15 miles north of Boston. It was 
obtained by asking men attending the medical 
department of the plant for the treatment of 
minor injuries if they would agree to the 
chest examination. Everyone available in the 
right age group was asked. Of these, 131 
consented to the examination and 3 refused. 


METHODS OF EXAMINATION 


The examination started with a medical history 
in which special emphasis was placed on the 
presence of symptoms of respiratory disease and 
on a history of past respiratory illness. Inquiries 
were made concerning the presence of any cough, 
sputum, wheezing, and exertional dyspnea. The lat- 
ter was graded on the scale suggested by Fletcher 
(1952) on the basis of answers to certain questions. 
An occupational history was taken; a record was 
made of previous residence in large cities of more 
than 100,000 inhabitants, and details of tobacco 
smoking habits were elicited. In the physical exam- 
ination, the height and weight were measured and 
a clinical examination of the chest carried out, 
including measurement of the chest in inspiration 
and expiration. The presence or absence of clubbing 
of the fingers, jugular venous filling in the erect 
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posture, cyanosis, and edema of the ankles were 
also recorded. The one-second timed vital capacity 
(Gaensler [1951]) was used as a test for respira- 
tory function. The Gaensler-Collins Vitalometer * 
was used for the test, and three tests were carried 
out on each subject. In each test the amount ex- 
pired in one second after a maximum inspiration 
was recorded together with the total amount 
The largest one-second volume of the 
three tests was then expressed as a percentage of 
the largest vital capacity achieved in the three 
tests. In this way, the man’s best possible result 
was obtained. A_ full-sized roentgenogram 
was taken in the coal miners and Ayer group. In 
the Lynn group the previously taken routine 4x3 
in. films were used. 


expired. 


chest 


The roentgenograms were not used in the diag- 
nosis of chronic bronchitis, for which they are of 
little or no value. Occasionally in doubtful cases 
of emphysema the roentgenogram was referred to 
for additional evidence. The roentgenograms were 
used to exclude other varieties of pulmonary disease 
and to assess the amount of pneumoconiosis present 
in the coal workers. 

All of the examinations, with the exception of 
the chest roentgenogram and height and weight 
measurements, were carried out by me and lasted 
about a quarter of an hour for each man. In the 
coal workers’ group the chest roentgenograms were 
read by the consultant radiologist and me, working 
together. The films for the Ayer group were read 
by a radiologist at the Massachusetts State Health 
Department, and those of the Lynn sample, by the 
consultant radiologist to the plant. In both these 
cases all the films were reviewed by me. 

The survey was carried out over the period 
January-April, 1955, and in this order: Lynn, coal 
workers, Ayer. 

Recording and Analysis—The data were re- 
corded on a schedule designed for subsequent sta- 
tistical analysis and after coding and transcription 
were punched on to I.B.M. cards, from which the 
tabulations were made. 


RESULTS 


Age.—Table 1 shows the constitution of 
the three samples by age. The age distribu- 


* Manufactured by Warren E. Collins, Inc., 555 
Huntington Ave., Boston 15. 
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Taste 2.—The Samples by Country of Birth 


TaABLe 1.—The Samples by Age 


Coal 
Workers Ayer Lynn 
Country of 
Birth No. % No. % No. % 
U. 8S. 149 61.5 190 79.8 4 71.6 
Canada 0 $600 20 8.4 15 114 
Ireland 0 nal 4 17 1 0.8 
Great Britain 4 1.7 4 17 6 4.6 
Poland 23 9.5 5 2.1 2 15 
Italy 20 8.3 7 2.9 5 3.8 
Other European 44 18.2 8 3.4 8 6.1 
Not recorded 2 08 0 his 0 anaes 
Total 242 «100.0 238 131 100.0 


tions of the coal workers and the Ayer and 
Lynn groups were similar except for a some- 
what higher proportion of older men among 
the coal workers. 

Country of Birth and Color—Table 2 
shows that a somewhat higher proportion of 
the coal workers was foreign-born compared 
with the other two groups. Of the coal work- 
ers, 4.5% were Negro, compared with 0.8% 
in the Lynn group and none in the Ayer 
group. 

Prevalence of Chronic Bronchitis and As- 
sociated Conditions—vTable 3 shows the 
prevalence rates of chronic bronchitis and 
associated conditions in the three samples. 
The diagnoses are arranged in the four 
groups defined above, ranging from subjects 
in whom there was no evidence of chronic 
bronchitis or its associated conditions to the 
fully developed and severe form of the dis- 
ease, when all three components of chronic 
cough, with sputum, emphysema, and bron- 
chial spasm, were present. The Table shows 
a very much higher prevalence rate of bron- 
chitis, emphysema, and bronchial spasm in 
the coal workers than in either the Ayer or 
the Lynn ¢ group. 


+ The x? test showed these differences to be 
statistically highly significant; P >0.001. 


Age, Yr. 
—, 


Sample 
Coal workers.. 


45-49 50-54 55-59 60-64 All Ages 
po No. % No. % No. % No. % No. % 
50 820.7 58 60 “2 100 
34.9 61 25.6 49 20.6 45 18.9 238 100 
Bs cccccdeccececcctzeasitnnstaasces 26 32.8 35 26.7 33 25.2 20 15.3 131 100 
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Taste 3.—The Prevalence of Bronchitis, Emphysema, and Bronchial Spasm in the Three Samples 


Subsample 
of Coal 
Coal Workers Ayer Lynn Workers 
Respiratory Diagnosis No. % No. % No. To No. % 
144 59.5 195 82.0 108 82.5 45 60.1 
II. Emphysema 4.1 9 38 5 38 
Bronchial epasm 2 08 7.0 2 O8¢ 6.7 0 O00} 53 3 41 
Emphysema and bronchial spasm........ ‘ 6 ti 4 2.1 2 15 
Ill. Chronie bronchitis alone................... 12 5.0 3 23 
Chronie bronchitis and emphysema........ ll 4.5 } 16.9 7 297 96 3 2837 84 13 (17.6 
Chronie bronchitis and bronchial spasm.. 18 7.4 10 «42 5 38 
IV. Chronie bronchitis, emphysema, and bron- 
ame 16.6 4 1.7 5 3.8 13 17.6 
242 100 238 100 131 100 74 


TABLE 4.—Prevalence of Chronic Bronchitis, Emphysema, and Bronchial Spasm (Diagnostic Groups 
III and IV’) by Age in the Three Samples 


Age, Yr 
45-49 0-54 55-59 All Ages 
2 2 2 © = 
< oF < oF < § c <4. 
SS Se SS Se S$ Sa 0 Se Se 
om 62 § 62 ce & of 6m ou 
Coal workers........ 74 2 4 Bl 58 29.3 60 28 46.7 «681885 
83 5 6.0 61 9 48 49 4 8.2 45 9 200 38 2 i113 
Bi trnsx<ccnkcavens 43 3 7.0 35 6 17.2 33 4 12.1 20 3 15.0 131 16 12.2 
TABLE 5.—Frequency of Certain Symptoms and Signs in the Three Samples 
Chest 
Sibilant Expansion 
Dyspnea on History of Rhonchi Finger 1% In. or 
Exertion Wheezing Heard Clubbing Less 
Sample No. No % No. % No. % No. % No. % 
Coal workers........ 22 81 35.1 86 40.7 24 10.1 34 44 76 31.8 
(231)* (211) (238) (237) (289) 
A er 238 28 12.0 43 18.1 8 3.4 6 2.6 40 17.0 
(234) (238) (238) (234) (235) 
Seer 131 9 16 12.2 Incomplete 4 3.1 Incomplete 
(131) (131) records (129) records 


From a consideration of Tables 1 and 2 
two questions immediately arise. Could the 
substantial differences in the prevalence rates 
in the coal workers be related to the higher 
proportions of older men or of foreign-born 
men in this group? 

The prevalence of chronic bronchitis alone 
or with emphysema and bronchitis in the 
different age groups is shown in Table 4. 
Diagnostic Groups III and IV have been 
combined to provide adequate numbers in 
each age group. The Table shows a substan- 
tial excess in each age group of the preva- 
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* The numbers in parentheses are the numbers of records with the required data in each case. 


lence rates among the coal workers compared 
with the Ayer and Lynn groups, indicating 
that the difference between these groups 
when all ages are taken together cannot be 
explained on the grounds of the slightly dif- 
ferent age composition of the three samples. 

A good many of the foreign-born coal 
workers had lived in crowded European cities 
in conditions of poverty before they came to 
the U. S., usually as children. It seemed pos- 
sible that a substantial number of them might 
have acquired chronic bronchitis in early 
childhood as a result of poor living condi- 


BRONCHITIS, EMPHYSEMA, 
tions and that this disease might never have 
completely left them. If this were the case, 
then the high prevalence rate in the coal 
workers might have been due to this factor. 


It was found on analyzing the results with 
this possibility in mind that 32.3% of the 149 
coal workers born in the U. S. had chronic 
bronchitis (Diagnostic Groups III and IV), 
compared with 34.1% of the 91 born in 
Europe. It is clear, therefore, that this factor 
can exert little if any influence on the preva- 
lence of bronchitis in coal workers and cannot 
account for the differences between the coal 
workers and the Lynn and Ayer samples. 

In addition to the analysis of the three 
samples by diagnosis, an analysis was made 
of the frequency of the more important symp- 
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was a significantly higher proportion of coal 
workers with values under 65% than in the 
other two groups.t When the age groups 
were considered separately, however, it be- 
came clear that it was only after the age of 55 
and more particularly in the age group 60-64 
that the excess proportion of coal workers 
with diminished respiratory function became 
substantial. Hugh-Jones (1952) § reported 
a similar finding. It has been noted above 
that in a study of the T. V. C. in healthy 
men no significant relationship between the 
timed vital capacity and age was discovered. 
The marked increase in the proportion of low 
values in the coal workers over 55 is there- 
fore of especial significance. 


TasLe 6.—Percentages of Subjects at Different Ages with Normal and Abnormally 
Low One-Second Timed Vital Capacity 


Timed ‘Coal 
Vital Work- 
Capacity ers Ayer Lynn Lynn 
10 8 8 6 7 


13.5 3.6 7.0 J 98 20.0 


Ayer 


more 


toms and signs of chronic respiratory disease. 
Table 5 shows the frequencies of a complaint 
of dyspnea on exertion, a history of wheez- 
ing, sibilant rhonchi heard on auscultation, 
clubbing of the fingers, and a chest expan- 
sion of 1% in. or under in the three samples. 
Again, the rates are substantially higher in 
the coal workers than in the other two groups 
of men. 

The respiratory-function test included in 
the survey, namely, the measurement of the 
timed vital capacity, provided an objective 
measurement of respiratory disability in the 
three groups. 

The analysis of the results of this test is 
shown in Table 6. The Table shows the per- 
centages of men in each sample and at differ- 
ent ages with one-second timed vital capaci- 
ties of less than 65%. It will be seen that 
when all ages were considered together there 


60-64 All Ages 
— 


Coal 
Work- 
Ayer Lynn Lynn ers Ayer Lynn 
9 4 9 3 51 27 17 
18.4 12.1 5. 20.0 15.0 21.1 ns 13.0 


Ayer 


40 29 36 17 191 211 114 
81.6 87.9 8.0 78.9 88.7 87.0 


The one-second T.V.C. test indicated 
that with advancing age the respiratory 
efficiency of more and more coal workers 
became impaired and that by the end of 
working life they were at a considerable 
disadvantage in this respect in comparison 
with the other industrial workers studied. 
If the miners who had had to give up work- 
ing because of respiratory disability are also 
considered, the adverse experience of this 
group would in all probability be shown to 
be even worse in comparison with the other 
groups. 

The medical histories, the physical exami- 
nations, and the timed vital capacity measure- 


t By x? test: coal workers and Ayer, P >0.01; 
coal workers and Lynn, P >0.05. 

§ Hugh-Jones, P.: Pulmonary Function Studies 
of Coal Miners in Wales, read in Symposium on 
Coal Miners’ Pneumoconiosis, The Golden Clinic, 
Elkins, W. Va., Nov. 24, 1952. 
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Age, Yr. 
Coal 
Work- 
ers : 
P : 
than i 12 
65% To 20.7 
— % 65 6A 9.0 40 92 8.0 79.3 
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ments all indicated that the coal workers suf- 
fered considerably more frequently from 
chronic bronchitis and its complications, and 
from the disability that goes with them, than 
the other two groups of men studied. 

It has been shown that neither a higher 
proportion in the older age groups nor the 
fact that a substantial minority were born in 
Europe can account for the high prevalence 
rate in the coal workers. Other factors which 
might be related to chronic bronchitis and 
which it was possible to examine from the 
data collected in the present survey are 
tobacco smoking, residence in large cities, 


complications in the coal workers cannot be 
ascribed to excessive tobacco smoking. 
Residence in Large Cities —Each man was 
asked how many years of his life he had lived 
in towns or cities with a population greater 
than 100,000. The object of this question was 
to obtain some rough estimate of exposure to 
air pollution. It is doubtful, however, whether 
the figure means very much in this respect, 
as very few except in the Lynn group had 
ever lived in a large industrial city for any 
significant number of years. Even in the 
Lynn group, where the proporticn who had 
lived in a city for an appreciable number of 


Taste 7.—Reported Tobacco Smoking 


Cigarettes per Day With or 


No Cigarettes but 


Nonsmokers Without Other Forms of Smoking Other Forms of Smoking 
Never Ex- 5or Approx. Approx. Approx. 40or Pipe Cigar Pipe & 
Smoked,Smokers, Less, 10, 20, More, Only, Only, Cigar, 
Sample No % % % % % % % % % % 
Coal workers ......... 242 18.1 20.2 9.0 10.7 26.0 3.7 24 3.3 49 1.7 
238 10.5 164 7.6 10.1 29.0 7.5 5.9 5.0 3.4 46 
131 9.8 19.5 23 9.8 25.2 13.0 7.5 1.5 7.6 3.8 
TaBLe 8.—Proportion of Years of Life Spent in Large Towns or Cities 
Proportion of Life Spent in Town or City with Pop. 100,000 or More 
4 Not 
Recorded, 
Sample 0-9% 10% 20% 30% 40% 50% 60% 70% 9% 90% % 
Coal workers, % of 242....... 97.0 1.7 0.9 04 
81.2 5.5 6.5 17 2.5 13 04 0.8 04 0.8 eve 
SG Beer 22.7 3.0 3.8 2.3 3.0 6.2 0.8 3.8 


previous respiratory illness, and dusty oc- 
cupations. 

Tobacco Smoking—Table 7 shows the 
average reported tobacco consumption in the 
three samples at the time of the survey. It 
will be seen that a greater proportion of the 
coal workers were life-long nonsmokers or 
had given up smoking than in the Ayer and 
Lynn samples. There was also a considerably 
lower proportion of heavy cigarette smokers 
among the coal workers. Mining regulations 
presumably accounted for the smaller amount 
of tobacco smoking in the coal workers, 
many of whom placed a pledget of snuff be- 
tween the cheek and the gums as a substitute. 


The data on tobacco smoking indicate that 
the higher incidence of bronchitis and its 
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5.4 2.3 


years was highest, it so happened that the 
city in most cases was Lynn itself, which is 
a semi-industrialized seaside city whose 
population only just exceeds 100,000 and 
whose atmosphere appears to be relatively 
clean. Table 8 shows the samples analyzed 
by proportion of years of life spent in cities 
with populations of more than 100,000. It 
will be seen that the great majority of the 
coal workers had spent less than 10% of their 
lives in areas where serious air pollution was 
likely. Air pollution associated with life in 
industrial cities cannot therefore have been 
the cause of the high prevalence rate of bron- 
chitis among the coal workers. 


Previous Respiratory Illnesses.—It is clini- 
cally well recognized that chronic bronchitis, 
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Taste 9.—Percentages of Samples Giving a Past 
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History of Pneumonia or Sinus Trouble in Adult 


Life by Present Respiratory Conditions 


(Negative) 


Coal 
Workers 
144 


Past history of pneumonia 


Past history of sinus trouble 


10.—Exposure to 


Group II 
(Emphysema or 
Bronchial Spasm 

Alone or Together) 
— 


Groups IIL & [V 
(Chronie Bronchitis, 
Emphysema, & 
Bronchial Spasm) 


Ayer & 
Lynn 
43 
13 
30.2 
13 
30.3 


Group I 


—, 
Ayer & 
Lynn 


303 
48 


Ayer & Coal 
Lynn Workers 


Coal 
Workers 


17 
11.8 


27 


18.8 


Dust 


at Work 


5-10 
1.2 


10-15 
1.7 


15-20 
Coal workers, % of 242..... 5.0 


emphysema, and bronchial spasm frequently 
develop following an attack of pneumonia. 


Details of previous respiratory disease and 
the age at which they were experienced were 
recorded. The diagnostic Groups III and IV 
and the Ayer and Lynn samples were amal- 
gamated to produce more adequate groups 
for this analysis, which is shown in Table 9. 
The Table shows that those who were diag- 
nosed as having chronic bronchitis were more 
likely to have had pneumonia or sinus trouble 
previously than the negative or intermediate 
groups. The Table indicates, however, that 
chronic bronchitis is by no means invariably 
preceded or complicated by an attack of 
pneumonia, Only about one-third of these 
cases gave such a history. The figures in the 
Table refer to illnesses experienced in adult 
life. The numbers of the same illnesses ex- 
perienced in childhood showed no trend and 
were too small to have any significance and 
because of probable inaccuracies due to the 
poor memory of some subjects they were 
omitted. The Table shows that the experience 
of the coal workers with respect to previous 
respiratory disease did not differ substan- 
tially or consistently from that of the Ayer 
and Lynn group. The excess prevalence of 
bronchitis in the coal workers cannot there- 
fore be attributed to more frequent attacks 
of pneumonia or sinus trouble in the past. 


Years Underground 


Not | 
45+ Recorded 


6.6 12 


20-25 
5.0 


25-30 
16.9 


30-35 
22.3 


35-40 


21.5 


40-45 
18.6 


Dusty Occupations. — By the nature of 
their work, all, or almost all, of the coal 
workers had been exposed to considerable 
quantities of dust during their working lives, 
most of them for many years. Table 10 shows 
that 86% had worked underground for more 
than 25 years. An attempt was made at first 
to take a detailed occupational history of each 
man in order to determine, for example, how 
many years had been spent drilling rock, how 
many working on the tracks, and how many 
as a coal cutter. It was, however, found im- 
possible to obtain reliable detailed histories 
of this sort because most of the men had done 
most of the jobs available underground. 
Sometimes they did two jobs concurrently, 
such as coal cutting and rock drilling, and 
often they could not remember the duration 
of each type of work. 


In taking the occupational history of the 
noncoal workers, special enquiry was made 
with regard to work in dust considered to be 
harmful, such as silica dust or cotton dust. 
If such exposure exceeded three years, using 
a fairly liberal interpretation of dangerous 
dust at work, this was noted. Of the Ayer 
sample 86.6% and of the Lynn sample 81.6% 
had never worked for as long as three years 
at such employment. It is clear that the ex- 
posure to dust of the coal workers as a group 
was very much greater than in the other two 
samples. 
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General Social Conditions.—In Great Brit- 
ain general social conditions as indicated by 
occupational class have been shown to be 
closely related to mortality from pneumonia 
and bronchitis ( Registrar-General, 1938 and 
1954). It has not been determined what par- 
ticular factors associated with a low income 
are of etiological importance in this connec- 
tion, but there is evidence that overcrowding 
(Britten and Altmann, 1941) plays a part. 
In the present study it was not possible to 
compare the three samples in detail with ref- 
erence to general living conditions, An at- 
tempt was made to minimize these variables 
by restricting the samples to skilled, semi- 
skilled, and unskilled workers. It was my 
impression that the standard of living of the 
three groups was very similar. The fact that 
the rate of pay of coal workers today is one 
of the highest industrial wage rates in the 
U. S. suggests that a low standard of living 
is not likely to be an important cause of the 
excess prevalence of bronchitis in the coal 
workers. 


Exposure To Dust as A CAUSE OF THE EXCEss 
or CuHronic Broncuitis Workers 
Of the environmental conditions of pos- 

sible etiological importance which have been 
compared in the three samples, occupational 
exposure to dust shows the greatest and in- 
deed the only major difference unfavorable 
to the coal workers. There would appear to 
be good grounds, therefore, for the belief 
that dusty working conditions were respon- 
sible for the excess bronchitis prevalence rate 
in the coal workers. (Gough’s work on coal 
trimmers [1940] indicates that it is the dust 
to which the coal worker is exposed and not 
gases, fumes, or other working conditions 
which cause his respiratory disability. ) 

A question which must be considered at 
this point is whether the condition which was 
found in the coal workers, and which has 
been referred to as chronic bronchitis, em- 
physema, and bronchial spasm, was correctly 
diagnosed and whether the condition was 
not in fact “coal workers’ pneumoconiosis.” 
Clinically, the condition was indistinguishable 
from the cases of chronic bronchitis, emphy- 
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sema, and bronchial spasm seen in the non- 
mining groups. 

The diagnosis of “coal workers’ pneumo- 
coniosis” is normally made dependent on the 
finding of evidence of dust in the chest roent- 
genogram. The more obvious is this evidence, 
the more likely a man’s claim to industrial 
compensation is to succeed. If, therefore, the 
presence and severity of the syndrome under 
consideration are found to be closely related 
to the amount of dust visualized in the chest 
x-ray, it could reasonably be described as 
“coal workers’ pneumoconiosis.” 


This problem was therefore studied further 
by assessing the coal workers from the point 
of view of the presence or absence of pneu- 
moconiosis judged solely on the evidence of 
the chest roentgenograms. 


RELATIONSHIP OF CHRONIC BRONCHITIS IN COAL 
Miners To “Coat Workers’ PNEUMOCONIOSIS” 

The grading recommended by the Pneu- 
moconiosis Research Unit of South Wales 
(Fletcher, Mann, Davies, Cochrane, Gilson, 
and Hugh-Jones [1949] and Fletcher and 
Oldham [1951] ) was used, combining Cate- 
gories 3 and 4 (Cochrane, Cox, and Jarman 
[1952]). Each film was compared with the 
set of standard films issued by the Pneumo- 
coniosis Research Unit for this purpose. 
Category 0 means that there is no radiologic 
evidence of dust. Simple pneumoconiosis, 
Categories 1-3, probably represents the un- 
complicated accumulation of dust, a condition 
which does not progress if the man leaves the 
coal mine. Progressive massive fibrosis (P. 
M. F.) is progressive whether or not the man 
leaves the mine, and in a high percentage of 
cases it is found at autopsy to be complicated 
by tuberculous infection (Cochrane, Cox, and 
Jarman [1955]). 


Table 11 shows the distribution of pneu- 
moconiosis categories in the whole group of 
coal workers and in the various diagnostic 
groups. It will be seen that the frequencies 
of the different categories of pneumoconiosis 
did not differ significantly in any of the diag- 
nostic groups. 
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Taste 11.—Distribution of Pneumocor 
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uosis Grades in the Diagnostic Groups 


None, 
Grade ( 
Subjects, 


Diagnostic Group 
Negative 
Emphysema or bronchial spasm, 
alone or together 


Bronchitis alone or with emphy- 
sema or bronchial spasm 


No. 


19 


Bronchitis, emphysema, and 
bronchial spasm 


All groups 


TasLe 12.—Frequency of Certain Symptoms and 


Pneumoconiosis Grade 


Simple Pneumoconiosis 


) 2 


2 3 
No. % No. 


70 /o 
21.5 4 9.7 


No. 
0 2 
35.3 


36.6 


Signs 


in Different Categories of Pneumoconiosis 


History 
of 
Wheezing 

No. Te 
61 46.2 
(132) 
25 
(78) 


Dyspnea 
Total on Exertion 
Pneumoconiosis 
Category 


32.1 
41.0 


86 
(210) 


(149) 


(236) 


Vital 
Capacity 
Less Than 
100% of 
Predictedt 


Chest 
Expansion 
1% In. 
or Less 


Timed 
Vital 
Capacity 
Under 70% 


Sibilant 
Rhonchi 
Heard 


Clubbing 
of 
Fingers 
No. % 


o 
/o 


No. 
(152) 
36 
(88) 


17 21 30.0 
(148) 
12 


(87) 


7 35.6 


7 
(87) 


86 
(240) 


32.1 
(237) 


33 14.0 
(235) 


24 10,2 


* The numbers in parentheses are the numbers of records with the required data in each case. 
+t According to the formula of Baldwin, Courand, and Richards (1945). 


The prevalence of certain respiratory 
symptoms and signs, including a low T. V. 
C. and vital capacity measurements, in those 
with little or no pneumoconiosis (Categories 
0 and 1) was compared with that in the 
group with definite or advanced pneumo- 
coniosis (Categories 2 and 3 and P. M. F.) 
(Table 12). None of the differences shown 
in the Table reaches the conventional level of 
statistical significance, and there is therefore 
no evidence from this sample of coal workers 
that the symptoms or signs referred to in this 
Table are correlated with the amount of 
radiologically visualized pulmonary dust. 

It seems therefore justifiable to continue 
to refer to the disease under consideration as 
bronchitis, emphysema, and bronchial spasm, 
and not to call it pneumoconiosis. This is not 
meant to imply, however, that the inhalation 
of dust at work is not an important cause of 
bronchitis, emphysema, and bronchospasm 
in coal workers. On the contrary, all the 
evidence points to such a causal relationship. 
What is meant is that this harmful effect 
cannot be assessed on the basis of the chest 
roentgenogram., 


The absence of relationship between dis- 
ability due to bronchitis, emphysema, and 
bronchial spasm and radiological evidence. of 
pneumoconiosis may be illustrated by the 
following case histories taken from the pres- 
ent survey: 


A man aged 54 has worked underground for 27 
years, chiefly on drilling and shot firing. He has a 
chronic cough with yellowish sputum. If he gets 
a cold it usually “goes down to his chest,” and 
he has been absent from work with chest trouble 
for a week or more on several occasions in the 
last three years. He has noticed wheezing noises 
in his chest and is unable to keep up with men of 
his own age on hills because of breathlessness. He 
has been in the hospital once with pneumonia at 
the age of 52 and says he gets bronchitis. On 
examination, cyanosis was noted, scattered sibilant 
rhonchi were heard, and the chest expansion was 
14% in. The one-second timed vital capacity was 
48%. Chest radiography (Fig.1) showed evidence 
of emphysema but no pneumoconiosis. 


In contrast to this case, there were several 
examples of well-developed “coal workers’ 
pneumoconiosis” diagnosed by roentgenog- 
raphy, including two of the five cases of pro- 
gressive massive fibrosis, in which there were 
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No 
P.M.F. Reeord 
No. % No % 
144 14 2 14 
Il. 
q 17 3 17, 0 0 0 
41 | 15 36.6 5 19.5 15 i 2 4.9 1 24 0 0 
IV f S81 30 37.0 20 24.7 2 29.6 4 4.9 3 3.8 0 0 
Re bi cscdcndaddcctassscccnsns 82 33.9 70 23.9 61 25.2 22 91 5 2.1 2 08 
No. % No. % No % 
49 34.8 32.9 27 17.8 
(141)* (152) 
(81) || (87) (88) 
All categories ............ 242 81 36.5 Pe 35.8 41 17.1 
= 


A. M. A. 


Fig. 1—Man aged 54 years who has worked 
underground for 27 years. He has severe disability ; 
there 1s no radiological pneumoconiosis. 


no, or only negligible, symptoms or signs of 
respiratory disease. The following case is an 
example. 

‘A man aged 61 has worked underground for 38 
years. He says he has no cough, wheezing, or 
breathlessness on exertion. He has had no serious 
respiratory illness. On examination, there were 
no physical signs except a slight degree of barrel 
chest. Chest expansion, 2 in. His one-second timed 
vital capacity was 64%. The chest radiogram 
showed advanced progressive massive fibrosis 
(Fig. 2). 

It is not suggested that most or even many 

-men who have developed progressive massive 
fibrosis are symptom-free or remain symp- 
tom-free for long, but in respect of the slighter 
degrees of radiological pneumoconiosis, that 
is, simple pneumoconiosis, the findings ap- 
pear to indicate that the radiological evidence 
of dust is not closely related to the signs and 
symptoms of chronic respiratory disease. 
That these have been related to respiratory 
disability in the past may be readily under- 
stood from inspection of Table 11. It will 
be seen that 66.1% of all the coal workers 
at these ages had some radiological evidence 
of pneumoconiosis. Cochrane (1952) found 
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such evidence in approximately 55% of bitu- 
minous coal workers at these ages, and 
Newell and Browne (1955), in 52%. It is 
more probable than not, therefore, that in a 
bituminous coal worker over the age of 45 
complaining of respiratory symptoms some 
evidence of dust will be visualized by chest 
radiography. It is only when the degree of 
dustiness is compared with the severity of 
symptoms and is examined in those without 
symptoms as well as in those with symptoms 
that the lack of close relationship becomes 
apparent. 


The prevalence of bronchitis, emphysema, 
and bronchial spasm was not correlated with 
the number of years spent underground, a 
conclusion also reached by Jones (1942) and 
Newell and Browne (1955). The degree of 
pneumoconiosis, however, was related to the 
duration of underground employment. This 
is further evidence of the lack of relationship 
between disability and the simple accumula- 
tion of dust in the lungs. 


Because all of the subjects had to be work- 
ing at the time of the survey in order to 
qualify for inclusion, the more extreme ex- 


Fig. 2—Man aged 61 years who has worked 
underground for 38 years. He has no symptoms 
of disability ; 
fibrosis. 


x-ray shows progressive massive 


> 
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amples of chronic bronchitis and emphysema 
were not encountered. A true picture of its 
effect upon the coal mining population, for 
example, could only be determined by follow- 
ing up a large number of younger miners and 
finding out to what extent their ranks were 
reduced, as with advancing years the disease 
rendered more and more unfit for work. The 
marked increase in the amount of disability 
in the 60-64-year age group of coal workers 
in this sample (Tables 4 and 6) suggests that 
it is around this age that serious disability 
becomes common. 


Some impression of the severe degree of 
disability that develops in a substantial num- 
ber of these cases was afforded by those men 
who were referred by local physicians be- 
cause of known respiratory disease but who 
because of this were discarded from the 
sample for study. Twelve of twenty men so 
referred had had to give up work because of 
increasing shortness of breath. Their ages 
ranged from 47 to 64 years (mean, 57.1 
years), and the mean duration of unemploy- 
ment because of inability to work was 2 
years. British reports on occupational mor- 
tality (Registrar General, 1938 and 1954) 
reveal that coal miners, in particular “hewers 
and getters,” both of anthracite and soft coal, 
experience mortality rates from bronchitis 
and pneumonia considerably in excess of 
the rates for all occupied males. Brundage 
(1933), in a study of American bituminous 
miners, found that the mortality rates from 
“pneumonia and influenza” were 39% higher 
than those of all other men in the same area. 


COMMENT 


The lack of relationship between respira- 
tory disability and radiologic pneumoconiosis 
that was found in this sample of coal workers 
has been reported by several other workers. 
Martin (1954), in an extensive and detailed 
study of “coal workers’ pneumoconiosis” in 
West Virginia, judging disability by maxi- 
mum breathing capacity tests, concluded that 
“the chest x-ray is virtually worthless as a 
means of estimating disability.” Motley 


(1952), in a study of 500 hard- and soft-coal 
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workers with fibrosis or emphysema and re- 
spiratory symptoms, found “no apparent cor- 
relation between the roentgenographic stage 
of silicosis and the degree of pulmonary 
function impairment.” Baldwin, Cournand, 
and Richards (1949) published similar re- 
sults. Fletcher (1948) described the case of 
a coal worker who was the local champion 
for the 75 yd. sprint and whose chest x-ray 
showed progressive massive fibrosis. Martin 
and Roche (1946), in a study of coal-face 
workers in France, found that an important 
proportion of the men with normal chest 
roentgenograms could not work without 
dyspnea. Gough (1947), comparing autopsy 
findings with previously taken chest roent- 
genograms, found that focal dust lesions gave 
rise to reticulation in the x-ray picture 
whether emphysema was present or not. 
Gough, James, and Wentworth (1949) also 
found that radiologic examination did not 
give a reliable estimate of respiratory dis- 
ability. Hart and Aslett (1942) found no 
significant differences in the bronchitis prev- 
alence rates in coal workers with normal 
x-rays, with reticulation, or with nodulation. 


After a recent survey of 5117 coal workers, 
Newell and Browne (1955) concluded that 
“the proportion of men with symptoms in- 
creases with age and it is not related to radio- 
logical category of pneumoconiosis” and that 
“the survey suggests that radiological pneu- 
moconiosis is not a disabling disease but that 
other chest disease causing disability is an 
occupational risk of coal face workers.” 


From this survey and from the other pub- 
lished work cited it must be concluded that 
the chest x-ray is of little value in the diag- 
nosis of the chronic respiratory disease to 
which coal workers are especially liable. In- 
deed, the roentgenogram may be misleading 
if it is used to estimate disability. If it is 
depended upon in compensation cases, it 
will result in needless expense, on the one 
hand, by leading to the compensation of some 
men who may not be disabled, but whose 
chest roentgenograms show clear evidence of 
dust, and, on the other, to the unjust denial 
of compensation to men who may suffer from 
a distressing degree of respiratory disability 
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but whose chest x-ray reveals little or no 
dust at all. 


It would appear that tests of respiratory 
function, such as the timed vital capacity or 
the maximum breathing capacity, will reflect 
the state of pulmonary health of industrial 
workers more accurately than a chest roent- 
genogram. In the case of coal workers it 
would be medically sounder to link industrial 
compensation to impaired pulmonary fune- 
tion and clinical evidence of disability rather 
than to rely on the chest roentgenogram. 


It is possible that the diagnosis of chronic 
bronchitis, emphysema, and bronchial spasm 
may include several nosological entities. 
Heppleston (1954), for example, has demon- 
strated that the typical emphysema in coal 
workers is focal and this may distinguish the 
disease in coal miners pathologically, though 
not clinically. However, the distinction is not 
absolute, because the same author reported 
that there was sometimes an associated gen- 
eral vesicular emphysema in coal workers 
and also that the early lesion in coal workers 
closely resembled the dust foci found in “‘nor- 

-mal” lungs. 

Schilling and co-workers (1955) record 
that men with cotton workers’ asthma often, 
though not invariably, develop symptoms of 
chronic bronchitis and emphysema. Oswald 
and co-workers (1953), Oswald and Medvei 
(1955), Palmer (1954), and Green and Ber- 
cowitz (1954) have produced evidence sug- 
gesting that tobacco smoking is concerned in 
the etiology of the disease ; Gregory (1955) 
has published the results of surveys implicat- 
ing several dusty occupations, and Pember- 
ton and Goldberg (1954) and Daly (1954) 
have shown a significant relationship between 
the degree of air pollution and the bronchitis 
death rates in English county boroughs. 


The most likely working hypothesis to ex- 
plain these various findings would appear to 
be that a variety of air pollutants can per- 
petuate and aggravate if not cause chronic 
bronchitis, emphysema, and bronchial spasm. 
If this is the case, it follows that the condition 
is to a large extent preventable. It may be 
that the disease is always initiated by an 
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acute respiratory infection, but it seems cer- 
tain that in the case of the coal worker the 
dust encountered in his work is often re- 
sponsible for the development of the chronic 
form of the disease. 

A possible explanation of the lack of rela- 
tionship between radiological pneumoconiosis 
and disability is that the coal worker who 
makes the most frequent and successful ef- 
forts to rid himself of the dust of his trade 
by coughing may suffer, in the long run, as 
much damage to his lungs as the man who 
quietly accumulates it. 


CONCLUSIONS 

This survey revealed that chronic cough 
with sputum, exertional dyspnea, and bron- 
chial spasm was considerably commoner in 
a sample of working bituminous coal miners 
than in two other comparable samples of 
nonmining industrial workers. The clinical 
picture of the condition in all three groups 
seemed to be identical and has been referred 
to throughout as chronic bronchitis with 
emphysema and bronchial spasm. There can 
be little doubt that the progressive and dis- 
abling disease that has been described is, in 
the case of the coal worker, very largely oc- 
cupationally determined. 

Because of the lack of correlation between 
degree of disability and radiologic evidence 
of pneumoconiosis, it would appear that the 
development of the disease depends more 
upon the reaction of the host to the inhalation 
of dust than upon the simple accumulation of 
dust in the lungs. For this reason “chronic 
bronchitis of coal workers” might be a more 
appropriate name for the condition than coal 
workers’ pneumoconiosis, as it would not 
imply the necessity of demonstrating radio- 
logic evidence of dust before occupationally 
determined chronic respiratory disease can 
be established. It may be questioned, indeed, 
whether pneumoconiosis as a clinical disease 
can be said to exist and whether the disabling 
condition often referred to as coal workers’ 
pneumoconiosis is not always due to a com- 
plication of dust inhalation, that is to bron- 
chitis and emphysema or to tuberculosis, 
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SUMMARY 


Examinations to determine the prevalence 
of chronic bronchitis, emphysema, and bron- 
chial spasm were carried out on three un- 
selected samples of men aged 45-64 years. 


The samples consisted of 242 bituminous 
coal workers, 238 industrial workers in a 
rural area, and 131 employees of a large 
engineering plant in a medium-sized town. 


The prevalence of chronic bronchitis, em- 
physema, and bronchial spasm was very 
much higher in the coal workers than in the 
other two groups. 

Evidence is presented indicating that this 
high incidence was occupational in origin. 

There was a lack of correlation between 
the radiologic assessment of pneumoconiosis 
and the incidence of chronic bronchitis, em- 
physema, and bronchial spasm. 


The reactions of the host to the inhalation 
of dust rather than simple accumulation of 
dust in the lungs appear to determine the 
development of symptoms and the degree of 
respiratory disability. 

It is concluded that pneumoconiosis in 
bituminous coal workers when diagnosed 
solely on the basis of a chest roentgenogram 
cannot be regarded as a clinical disease. 

When signs and symptoms of chronic re- 
spiratory disease occur in bituminous coal 
workers, these are usually due to chronic 
bronchitis, emphysema, and bronchial spasm 


or, much less often, to pulmonary tubercu- 
losis. 


For these reasons it would probably be 
more equitable to link industrial compensa- 
tion to evidence of disability obtained from 
the clinical examination and from respira- 
tory-function tests than to the results of a 
roentgenographic examination, 


Many industrial medical officers, health officers, 
ancillary medical workers, and administrators gave 
assistance in this survey. 


Dr. Robert Thomson, Chief Medical Officer at 
the General Electric plant in Lynn, and Dr. K. 
I. E. Macleod, Medical Director of the Nashoba 
Associated Boards of Health, allowed me to use 
the facilities of their departments for the examina- 
tions at Lynn and Ayer. 


BRONCHIAL 


SPASM 


Prof. John Gordon and Prof. Philip Drinker, of 
the Harvard School of Public Health, assisted in 
the organization of the survey and gave advice 
and encouragement. Miss Barbara Cabitt was 
responsible for the coding and transcription of the 
data, and Mrs. May Bannon punched the I. B. M. 
cards. Miss Pamela Ashton undertook the secre- 
tarial work, and Mrs. Audrey Bates did the statis- 
tical calculations. 
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Through TFiberglas Su Filters 


J. W. THOMAS, B.S., St. Joseph, Mich. 
and 
R. E. YODER, B.S., Oak Ridge, Tenn. 


The reality of the existence of an aerosol 
size for maximum penetration through me- 
chanical filters has been a subject of contro- 
versy for 20 or 30 years. It is of fundamental 
importance to know that a size for maximum 
penetration does exist. Where extremely 
hazardous air-borne alpha-emitters are in- 
volved, it is not sufficient to know that the 
penetration of CC-6 filters is approximately 
0.01% for 0.34 diameter di-2-ethylhexyl 
phthalate (DOP) particles. We need to 
know that the filter provides protection 
against particulate material, even if the parti- 
cles present are 0.01 diameter or less. 

It is obvious that if the size for maximum 
penetration is known one can have assurance 
of protection against very small particles, 
since below the size for maximum penetra- 
tion the smaller the particle the less the filter 
penetration. Filters can then be designed 
whose performance can be guaranteed against 
all size particles, whether they are 1 mm. 
diameter or single molecules (provided only 
that the incident particles stick to the filter 
and do not become re-entrained in the air 
stream ). 

Conceptions of aerosol filtration advanced 
by Langmuir, Stairmand, Davies, Ramskill, 
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From the Health Physics Division, Oak Ridge 
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Union Carbide Nuclear Co. for the Atomic Energy 
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Anderson, LaMer, Johnstone, Ranz, Wong, 
Chen, etc., have been summarized recently in 
an article in Chemical Reviews.’ The theories 
show that in the absence of electrical and 
thermal effects filtration may be considered 
to occur by four mechanisms : direct intercep- 
tion, gravity settling, inertial impaction, and 
diffusion. The efficiency of the direct-inter- 
ception mechanism is not affected by the air 
velocity through the filter, whereas the gravi- 
ty-settling and diffusion mechanisms become 
more effective as the flow rate decreases, and 
removal by inertial impaction becomes less 
effective with decreasing flow rate. The 
theories of Langmuir, Davies, and Chen, 
especially, predict the existence of a size for 
maximum penetration. With the exception 
of limited experimental data of Chen * and of 
investigators at the Knolls Atomic Power 
Laboratory,* however, there has not been 
any recent experimental work confirming the 
existence of a size for maximum penetration 
for fiber mats or paper filters. LaMer f= and 
Ramskill and Anderson * did not find a size 
for maximum penetration. Recent work ° at 
this laboratory, however, established the most 
penetrating aerosol size for a lead-shot col- 
umn, 
FG-50-FILTER-MATERIAL TEST 

Homogeneous DOP aerosols were gener- 
ated in a LaMer-type apparatus, with the use 
of the lead-shot column for particle-size de- 
termination.’ The filter material used was 
FG-50 (Fiberglas, American Air Filter Com- 
pany). A microscopic examination of the 
filter showed most of the resin-coated glass 


*Reported by J. J. Fitzgerald at the Fourth 
A. E. C. Air Cleaning Seminar, Argonne National 
Laboratory, Nov. 2-4, 1955. 


+ References 2 and 3. 
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Fig. 1—Penetration of homogeneous DOP aerosols through a Fiberglas FG-50 filter mat. 


fibers to be about 1.54 diameter, slightly 
larger than specified by the manufacturer. 
The filter pad, 10 cm. diameter, was tested 
uncompressed and had a thickness of 1.2 cm. 
The porosity of the mat was about 99.5% 


The results (Fig. 1) definitely show a size 
for maximum penetration at all velocities 


Comparison of Experimental Results with Theories 


Particle Radius for Maximum 
Penetration, u 
Face Velocity 


in Filter Chen's Davies's Experimental 
Mat, Theory, Theory, Results, 

Cm./See. 2u Fiber 2u-20u Fiber 1.5u Fiber 
0.94 0.12 ~~ 0.2 0.25 
0.42 —~ 03 0.27 
0.21 045 0.29 
0.094 0.23 ~~ 0.65 0.34 


used. The points on the curves were taken 
in random order to minimize any possible 
time-dependence effects.’ The Table shows a 
comparison of the results with the theories of 
Chen * and Davies.’ The theories agree with 
our results to within a factor of 2. Both 
theories predict an increasing size for maxi- 
mum penetration with decreasing face ve- 
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locity. This is confirmed by the results, al- 
though there is less variation in the size for 
maximum penetration with velocity than pre- 
dicted by either theory. 

The question may now be raised as to why 
LaMer and associates* and Ramskill and 
Anderson * did not find a size for maximum 
penetration. The principal reason was that 
these investigators used tests at flow rates 
considerably greater than those used in this 
work. The higher flow rates used tended to 
emphasize the inertial-impaction mechanism 
of aerosol removal, compared with the diffu- 
sion mechanism, and very probably displaced 
the size for maximum penetration below the 
detectable aerosol size. Also, most of the filter 
materials used by these authors were thin 
paper filters. As pointed out by Chen," it is 
easier to find a size for maximum penetration 
with a loose mat than with a dense, thin 
paper. 

SAND-FILTER TESTS 

Although sand filters have been superseded 
in some cases by fibrous filters, they do have 
a unique utility for filtering low-velocity air 


AEROSOL PENETRATION 


THROUGH FIBERGLAS 


AND SAND FILTERS 


Fig. 2—Pennsylvania sand in test holders. 


when high temperatures and corrosive con- 
ditions are present. Figure 2 shows the sand 
placed in Lucite holders for the aerosol-pene- 
tration test. Figures 3 and 4 show typical 
results. The values of Dg (sand grain di- 
ameter) refer to average size calculated from 
sieves used to separate out the sand fractions. 
The sand having an average diameter of 
0.161 cm. was the fraction passing 8 mesh 
and caught on 20 mesh; 0.071 cm. diameter, 
passing 20 mesh and caught on 30 mesh; 
0.036 cm. diameter, passing 40 mesh and 
caught on 50 mesh. Void fractions were 
0.41 for the Pennsylvania sand and 0.38 for 
the Clinch River sand. 

The figures show that the size for maxi- 
mum penetration varies between 0.25 and 
0.5n radius, depending on the size of the sand 
granule and the face velocity. Figure 4 is 
especially interesting in that it shows a large 
difference in penetration depending on the 
direction of flow through the bed with respect 


to the direction of gravity. Figures 3 and 4 
show that for the sand filters diffusion and 
gravity settling are the predominant mecha- 
nisms of aerosol filtration, since for even the 
largest particle size and highest velocity 
penetration decreases with decreasing flow 
rate. Calculations made using the theory of 
Ranz and Wong * confirmed that inertial im- 
paction is playing a negligible part in this 
filtration process. 

At the low velocities used in these tests, the 
diffusion effect is predominant for particles 
of O.1p-0.2p radius. As the particle size in- 
creases, the diffusion effect drops off and 
gravity settling becomes more effective. The 
combination of the two mechanisms of re- 
moval results in a size for maximum pene- 
tration at about 0.4» radius. Also, the column 
becomes increasingly more effective for down- 
flow as compared with upflow. This differ- 
ence in downflow and upflow efficiency is due 
only to the gravity mechanism of removal, 
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Fig. 3—Penetration of Column Height, 3.6¢m. 
x 2.16 cm/sec. 
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since the curves are convergent at the smaller showed the irregular sand grains to be better 

particle sizes. The magnitude of the effect, collectors than smooth spheres of the same 

however, is surprising. size. 
The rough and irregular Clinch River sand SUMMARY 

showed better performance, by at least a fac- An aerosol size for maximum penetration 

tor of 2, than the Pennsylvania sand. Com- through FG-50 Fiberglas filter material ex- 

parison with the lead-shot-column data ists. It is 0.25u radius for 0.94 cm/sec. face 
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AEROSOL PENETRATION THROUGH FIBERGLAS AND SAND FILTERS 


velocity, 0.27» for 0.42 cm/sec. face velocity, 
0.29n for 0.21 cm/sec. face velocity, and 
0.35 for 0.094 cm/sec. face velocity through 
the Fiberglas material. 


Sand filters also show the existence of a 
size for maximum penetration. For large 
particle sizes and low velocities, filtration 
efficiency is much higher for downflow than 
for upflow. 
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A Method of Particle-Size Estimation 


J. W. THOMAS, B.S., St. Joseph, Mich. 
and 
R. E. YODER, B.S., Oak Ridge, Tenn. 


The object of this work was to study in 
detail the filtration properties of a column 
filled with 1.5 mm. diameter lead shot, to 
obtain fundamental data on aerosol removal 
by spherical collectors. The work reported 
herein shows the existence of an aerosol size 
for maximum penetration,* and it was 
found that the lead-shot column could be 
used as a convenient method of particle-size 
estimation. 


LEAD-SHOT-COLUMN TESTS 


The columns used (Fig. J) were standard 
3 ft. lengths of 1% in. Pyrex pipe, closed 
at both ends with rubber stoppers drilled 
to receive a %4 in. pipe. A fine mesh screen 
covering the inside of the stopper prevented 
shot from falling into the %4 in. pipe. The 
columns were always tested in a vertical 
position and the connections arranged so 
that the aerosol could be passed either up 
or down the column. 


American standard drop shot No. 117 


was used, and the shot appeared reasonably 
homogeneous in size and shape under the 


Received for publication Dec. 8, 1955. 
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* Reference 1 gives an explicit discussion of the 
aerosol size for maximum penetration. 

+ Lawrence Brand, National Lead Co., St. Louis. 
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microscope. About 15 Ib. of shot was required 
to fill each column. The shot size was de- 
termined by accurately weighing (0.0005 
gm.) 90 samples, each containing 50 shot. 
The average weight of 50 shot (90 deter- 
minations) was 1.0224 gm.; standard devia- 
tion, 0.0049 gm. If a normal distribution 
is assumed for the individual shot, the 67% 
confidence interval, on the basis of individual 
shot diameters, is (1.624, 1.380) mm. There 
was no statistical evidence that the four 
columns differed significantly in mean shot 
size or shot-size distribution. The four 
columns used had heights of 88.7, 89.3, 
88.2, and 89.1 cm.; void fractions were 
0.385, 0.384, 0.363, and 0.384. These varia- 
tions were considered small in comparison 
with experimental errors of the test proce- 
dure. One of the columns, No. 1, had a 
significantly smaller cross sectional area 
than the other three, 11.17 cm.* compared 
with 11.47, 11.54, and 11.53 cm.? Since the 
cross sectional area presumably has no effect 
on aerosol penetration, except insofar as it 
affects the linear velocity of the air stream, 
the results obtained with the other three 
columns were corrected to the velocity of 
No. 1, for which the most complete data 
were available. The linear velocities used 
were 1.49 cm/sec. and 0.745 cm/sec., equiva- 
lent to 0.5 1/min. and 1.0 1/min. through the 
column. The pressure drop through the 
column was 0.7 cm. HzO at 0.5 1/min. and 
1.3 cm. at 1.0 1/min. 


The test aerosols were di-2-ethylhexyl 
phthalate (DOP) and polystyrene micro- 
spheres. The NRL E-3 Smoke Penetration 
Meter,? equipped with a Brown recorder, 
was used to measure aerosol concentrations 
entering and leaving the column. In part 
of the work the Sinclair-Phoenix photom- 
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THROUGH LEAD-SHOT COLUMN 


Fig. 1.—Lead-shot column. 


eter t was used also; penetrations measured 
by the two instruments agreed closely. 


t Sinclair-Phoenix Forward-Scattering Aerosol 
and Smoke Photometer, Phoenix Precision Instru- 
ment Co., Philadelphia. 


An apparatus of the type described by 
LaMer, Inn, and Wilson * and Grassel * was 
used to generate the DOP aerosol. Nitrogen 
was the carrier gas when the boiler tempera- 
ture exceeded 125 C. The size of the homo- 
geneous aerosol produced by the apparatus 
was varied by adjusting the concentration 
of the artificially supplied sodium chloride 
condensation nuclei and by raising or lower- 
ing the boiler temperature. Aerosol stability 
was checked by isolation of a sample of 
smoke in the penetration meter and observ- 
ing the rate of change of the intensity of 
the scattered light with time. The aerosol 
prepared was reasonably homogeneous, as 
evidenced by bright Tyndall bands. 


The microsphere aerosols 
(solid particles), in the size range 0.3y-0.6n 
radius, were generated by atomization of a 
dilute solution of polystyrene latex.§ The 
latex as received contained about 10% solids ; 
this solution was diluted with distilled water 
to 0.1%-0.4% solids before use. The Laskin 
atomizer, as described by Engquist,® was 
operated about 10 p. s. i. g., which gave a 
vaporization rate of about 2 cc. of solution 
per minute and produced about 20 liters per 
minute of aerosol. The effluent 


polystyrene 


from the 


atomizer consisted of single microspheres 
surrounded by much larger water droplets. 
The water droplets evaporated in passage 
through the connecting lines and upon mix- 
ing with a dry air stream, which resulted in 
the production of a homogeneous solid 
aerosol. The dilution of the latex solution 


was critical; too dilute solutions caused 
very low aerosol-mass concentrations; too 
high, more than one microsphere was present 
per water droplet, which resulted in a non- 
homogeneous dispersion. Attempts to prepare 
microsphere dispersions under 0.2m radius 
were unsuccessful. The aerosol produced by 
atomization was highly charged, and it was 
necessary to discharge the aerosol by passing 


it over a radioactive source to obtain correct 


§ Obtained without charge through courtesy of 
the Physical Research Laboratory, Dow Chemical 
Co., Midland, Mich. 
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Fig. 2.—Electron micrograph of monodisperse 
polystyrene latex spheres, Dow Chemical Company, 
Run LS-066-A, 0.414 radius. Electron microscope, 
0.43u radius. As determined by shot-column method, 
0.42u radius. 


values of column penetration. Figure 2 
shows a photomicrograph of the microsphere 
aerosol. 


PARTICLE-SIZE DETERMINATION 


The volatility of DOP made it difficult, if 
not impossible, to obtain electron micro- 
graphs. Three different methods therefore 
were used to determine the particle size of 
the DOP aerosol: (1) duplicate or triplicate 
gravity-settling determinations in a convec- 
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tion-free chamber ; (2) the polarization owl,® 
and (3) the diffusion battery.’ Spot checks 
on the particle size were made also by noting 


the positions of the Tyndall bands.* 


The polystyrene microsphere aerosols 
were sampled with a thermal precipitator 
and the sizes determined by electron micros- 
copy. The sizes obtained agreed closely with 
the sizes independently determined by the 
Dow Chemical Company (Table 3). 


RESULTS 


The results obtained with Columam 1, DOP 
aerosol, are shown in Figure 3. The air 
velocity values in this figure and subsequent 
Tables were obtained by dividing the volu- 
metric flow rates by the inside area of the 
empty column. The aerosol sizes plotted in 
the figures are the average of one or more 
of the values obtained by the three methods. 
Sizes below 0.154 radius were measured 
with the diffusion battery; 0.15» to 0.18, 
diffusion battery and owl; 0.18 to 0.35,, 
diffusion battery and gravity settling ; above 
0.35, gravity settling only. In the ranges 
where more than one method was used, the 
difference in the several methods was always 
less than 10% in particle radius. 


The reproducibility of the four shot col- 
umns is shown in Table 1. The designation 


50 
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Fig. 3.—Penetration of homogeneous DOP aerosols through lead-shot column. 


552 


— 


AEROSOL PENETRATION THROUGH LEAD-SHOT COLUMN 


TABLE 1.—Inte norceenparienn of Four Columns 


Fractional DOP Penetration 


0.745 Cm./ See 1.49 Cm./See. 
Air Velocity Air Velocity 

Aerosol Up y Up Down 
Radius, « Column Column Column Column Column 

0.047 0.031 0.112 0.094 

0.044 0.028 0.104 0.089 

0.043 0.029 0.103 0.088 

0.089 0.028 0.102 0.082 

Variation +> 7% + 3% + 3% + 4% 

0.099 0.060 0.205 0.156 

0.088 0.055 0.180 0.140 

0.103 0.049 0.179 0.129 

0.087 0.049 0.170 0.125 

0.094 0.053 0.184 
Variation + 7% + 8% + 6% 


0.137 
+ 8% 
0.203 0.108 0.304 0.218 
0.192 0.134 0.285 0.188 
0.175 0.094 0,283 0.186 
0.166 0.086 0.265 0.167 
0.184 0.105 0.234 0.190 
+ 7% + 15% + 4% + 6% 
0.212 0.075 0.374 0.202 
0.193 0.066 29% 0.175 
0.205 0.066 0.175 
0.197 0.065 32 0.170 
Average 0.202 0.068 0.180 
Variation + 3% + 5% 8% + 6% 
No. 0.115 0.024 277 0.096 
No. 0.092 0.019 25 0.075 
No. 0.092 0.020 0.098 
0.073 
0.086 
+11% =% + 13% 
0.071 0.010 .206 0.054 
0.065 0.024 197 0.045 
0.083 0.009 207 0.045 
0.078 0.012 0.050 
Average 0.074 0.014 0.048 
Variation + 8% + 37% + 3% +7% 


No. 0.082 0.016 
Average......... 0.095 0.020 
Variation + 10% 


2.—Column Penetrations—P olystyrene Microspheres 


Aerosol Pretreatment 


r— Fractional Column Penetration 
Flow ps2 Short ——— . 


Mrection Source Column Latex “a” Latex “B” 


None 0.020 
None res 06: 0.049 


1 me 0.203 

1 me. 147 0.192 

3 me. 0.189 
064 | 


3 me. F 15 0.170 


None 0.004 0.005 
None 0.013 
1 me. 0.025 
1 me. 0.080 02 
3 me. N 0.027 
3 me. res 0.080 


None 0.087 
None 0.086 
1 me. 0.288 
1 me. 0.306 
3 me. 
3 me. 


0.065 


None 
None 
1 me. 
1 me. 
3 me. 
3 me. 0.100 


\ 
0.29 
0.39 
0.615 
0.765 
Air Velocity, 
Cm./See. I Latex 
Up 0.048 
0.745 Up 0.046 
0.745 Up 0.171 
0.745 Up 0.188 0.144 | 0.164 
0.745 Up 0.176 
0.745 Up 0.167 
0.745 Down 0.010 
0.745 Down 0.018 
0.745 Down 0.074 } 
0.745 Down a 0.075 | 0.079 
0.745 Down 0.084 { 
0.745 Down 0.082 
1.49 Up 0.024 0.056 
1.49 Up 0.091 0.063 
1.49 Up ) 0.325 0.239 } 
1.49 Up | 0.292 0.354 | 0.343 0.256 | 0.260 
1.49 Up | 0.341 0.267 | 
1.49 Up 0.351 0.277 
1.49 Down 0.016 0.035 
1.49 Down 0.049 0.043 
1.49 Down } 0.172 } 0.162 } 
1.49 Down 0.102 0.192 | 0.185 0.176 | 0.178 
1.49 Down f 0.189 { 0.179 f 
1.49 Down } 0.185 0.196 
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“variation” is the average deviation of the 
penetration of each of the four columns from 
the mean penetration. 

I 


Table 2 shows the penetration results ob- 
tained with polystyrene microspheres. Be- 
fore passing the aerosol through the column, 
it was pretreated, as shown in the Table. 
The results show that passing the aerosol 
(at 1 1/min. or 0.5 1/min.) over a 1 me. P** 
source increased the penetration through the 
column, in some cases, by as much as a 
factor of 10. Three millicuries, instead of 
one millicurie, did not cause a_ significant 
additional change in column penetration. 


Without a radioactive source in the line 
leading to the column, the highly charged 
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that the short column was selectively filtering 
out the more highly charged particles. With 
a radioactive source present, the short lead 
column had no effect on penetrations through 
the 89 cm. column (Table 2). 


The main object of the work with the 
polystyrene microspheres was to confirm 
independently the DOP calibration curve 
(Fig. 3). Since both DOP and polystyrene 
microspheres are spherical and have a density 
close to unity, it was expected that the 
column calibration could be used to obtain 
the size of the polystyrene microspheres. 
This was confirmed, as shown in Table 3. 


Since the results (Fig. 3) show much 
higher filtration efficiencies, at all particle 


TasLe 3.—Particle Size Determination with Shot Column 


Column Data 


Air Average 

Velocity, Flow Penetration * 

Latex Cm./See. Direction (Fractional) 
‘= 0.745 Up 0.147 
0.745 Down 0.028 
1.49 Up 0.292 
1.49 Down 0.102 
0.745 Up 0.188 
0.745 Down 0.065 
B” 1.49 Up 0.343 
1.49 Down 0.185 
0.745 Up 0.164 
0.745 Down 0.079 
io 1.49 Up 0.260 
1.49 Down 0.178 


- - Radius Dow Radius 
Average Chemical Electron 
Radius,t+ Radius, Co., Microscope, 
0.556 
0.563 
0.560 0.56 0.59 0.53 
0.580 
0.468 
0.390 
0.400 0.42 041 0.43 
0.410 
0.265 
0.247 
0.252 0.25 0.28 0.26 
0.242 


* Taken from Table 2. 


+ Average penetrations were used, at each flow rate and each flow direction, to read particle radii from DOP calibra- 


tion curve (Fig. 3). 


particles produced by the atomizing process 
are rapidly removed by electrical attraction 
on passage through the column. Passage 
over a radioactive source greatly reduced 
the charge on the particles and resulted in a 
much higher penetration value. Since 3 mc. 
was no more effective than 1 mc. in increas- 
ing the column penetration, it was clear that 
1 mc. was sufficient to discharge the aerosol, 
at least as far as the filtering action in the 
column was concerned. The “short column,” 
about 30 cm. long, was used to establish 
that the particles, as produced, were not 
’ uniformly charged. Since the 89 cm. column 
penetration values increased after pretreat- 
ment by the short column, it was apparent 
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sizes, at the lower flow rate, we may assume 
that the principal mechanisms of aerosol re- 
moval must consist of those which become 
more effective at lower flow rates, i.e., dif- 
fusion and/or gravity settling. The outstand- 
ing characteristic of Figure 3 is that a size 
for maximum penetration exists, which is 
0.254 to 0.40» radius, depending on con- 
ditions. 


USE OF COLUMN FOR DETERMINING 
PARTICLE SIZE 


The best method of filter testing involves 
the use of homogeneous aerosols over a wide 
range of particle size. With the exception 
of electron microscopy, no single method of 


= 
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particle-size determination has been avail- 
able which applies throughout the entire 
O.1p-1.0n radius range. The results (Fig. 3 
and Table 3) show that one column may be 
used for estimating the size of homogeneous 
aerosols in this range. The variation in 
penetration through four columns (Table 1) 
was of the order of +10% in particle size. 
The effect of variations in lead-shot size was 
not investigated, but the No. 11 shot used 
is a standard item, and variations should be 
small. By appropriate choice of column 
parameters, it would be possible to extend 
the method to a wider range of particle 
sizes. The principal advantages of the method 
are as follows: (1) It is applicable over a 
wide range of particle sizes; (2) the column 
itself is very inexpensive, and (3) size 
estimations can be made in about three to 
five minutes if an instantaneous 
concentration detector is available. 


mass- 


SUMMARY 


An aerosol size for maximum penetration 
exists for a column filled with lead shot. 


Calibration curves are presented which per- 
mit the use of the column for particle-size 
estimation in the O.lu-1.0u radius range. 
The calibration curves are applicable only 
to spherical particles of unit density. 
Homogeneous solid aerosols may be pro- 
duced by atomization of dilute latexes con- 
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COLUMN 


taining homogeneous solid particles. The 
charged aerosol so produced may be dis- 
charged by ionizing radiation from radio- 
active sources. 
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Observations of Effect on Experimental Acute Lethal Intoxication in Mice 


v 
J. KUBISTOVA, R.N.Dr., Prague, Czechoslovakia 


Papers found in the literature on the bene- 
ficial effect of edathamil calcium-disodium 
(Calcium Disodium Versenate) on lead 
intoxication concern mostly clinical cases 
where alleviation of symptoms was observed 
in patients after treatment with this drug.* 

In animal experiments attention was paid 
mostly to changes in urinary lead excretion + 
or to the influence on lead stored in the body 
after an injection of lead salt.£ Direct experi- 
mental evidence that edathamil calcium-di- 
sodium is able to cure severe lead poisoning 
in animals is still lacking. Kissin § found 
that the administration of edathamil calcium- 
disodium had only a prophylactic effect on 
the acute toxicity of lead salts. Attempts to 
cure experimental lead poisoning with eda- 
thamil calcium-disodium given after the 
injection of lead were unsuccessful. Although 
clinical observations seemed to be very en- 
couraging, animal experiments were felt to 
be very necessary, since they can yield most 
convincing evidence for the effectiveness of 
the drug and permit accurate examination of 
various methods of dosage. 

In the experiments to be reported in this 
paper, the efficacy of the drug was estimated 
by observing its effect on the death rate in a 
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group of intoxicated animals compared with 
a control group. Additional very valuable 
evidence was obtained in following changes in 
the body weight of the experimental animals. 


MATERIAL AND METHODS 


Female white mice, 7 to 8 weeks old, were used in 
all experiments. They were kept in the Institute for 
one week before the experiments were made. They 
were fed on a Larsen diet. 

Experimental acute lead intoxication in mice was 
induced by injecting a solution of lead acetate in 
distilled water into the tail vein of the animal. In 
most experiments a dose of 300 mg/kg. body weight 
of lead acetate trihydrate was used. 

When such a high dose of the lead salt is injected 
rapidly, the animals die within a few seconds, mostly 
before the whole of the solution is injected. These 
sudden deaths may be successfully prevented by de- 
creasing the rate of injecting, so that the total 
volume of approximately 0.3 ml. (in a 20 gm. 
mouse) is injected in approximately five minutes. 
The rate of injecting should be maintained as uni- 
form as possible during this time. 

This dose, 300 mg/kg., causes an average mor- 
tality of 67% in control animals, the first deaths 
occurring after 12 hours, most animals dying on the 
5th and 6th days, and the last of them after 2 weeks. 
The mortality varied from 50% to 91% in various 
experiments performed from May, 1954, to Feb- 
ruary, 1955, and was constant enough to permit con- 
clusions to be drawn which were statistically sig- 
nificant concerning the effect of edathamii calcium- 
disodium. 

Edathamil calcium-disodium solution was pre- 
pared fresh by dissolving the solid salt (kindly sup- 
plied by Dr. Srbova) in distilled water. 

The toxicity of this preparation was very low. 
In female white mice, 7 to 8 weeks old, L. D.so was 
higher than 2375 mg/kg. intravenously and 7125 
mg/kg. intraperitoneally, which is in agreement 
with the data published by Bauer }° and Bersin.™ 
When administered to a group of normal animals 
according to the scheme of Experiment 3, no signs 
of damage were observed in any of these animals. 


EFFECT 


OF 


Ca Naz EDTA ON LEAD 


Estimation of L. D.so of 
lead acetate trihydrate ad- 9 3 
ministered intravenously 
in white mice. Use of § 
moving averages. 


ACETATE INTOXICATION 


4 


2,07712 


RESULTS 

In the first experiment (some preliminary 
experiments were performed previously ) all 
animals used were not given the same dose 
of lead acetate. The intention was to evaluate 
the therapeutic effect by the changes in 
L. D. 59 after treatment with edathamil calci- 
um-disodium. 

In this experiment it appeared, however, 
that there is in the range of doses used little 
dependence of mortality rate upon dosage 
in the control group. (Fig.). 

Edathamil calcium-disodium was adminis- 
tered to the experimental animals five min- 
utes after lead injection in the dose of 350 
mg/kg. intravenously. This was followed by 
four intraperitoneal injections of 200 mg/kg. 
at intervals of three to five hours. 

The results of the experiment showed that 
it is impossible to evaluate experiments ac- 
cording to changes in L. D. 59. Evaluating 
simply the total mortality rate in both groups 
(11/30 in the experimental group and 17/30 
in the control group), I found a difference 
(P=0.0780) which was not statistically sig- 
nificant. 

In the second experiment all animals were 
given a uniform dose of 300 mg/kg. of lead 
acetate; edathamil calcium-disodium 


was 


loge of the dose 


2,27712 2,47712 


2,17712 


2,37712 


given in an intravenous injection of 350 
mg/kg. five minutes later ; seven other injec- 
tions of 300 mg/kg. were given at intervals 
of four to five hours during the following 
night and day; and this treatment was con- 
tinued by the daily injection of 200 mg/kg. 
i. p. for seven days. 

The results of the experiment showed a 
highly significant improvement after eda- 
thamil calcium-disodium treatment (Table 1). 

The third experiment was similar with one 
important difference: The first dose of eda- 
thamil caleium-disodium (200 mg/kg. i. p.) 
was given 20 hours after the injection of lead 
acetate. The results of this experiment were 
also highly significant (Table 2). 

In this experiment a sufficient number of 
control animals survived (seven) to enable a 
comparison to be made on the course of 
weight changes in the experimental and con- 
trol groups. In both groups animals reached 
their minimum weight on the fifth to the ninth 
day after lead injection. The weight gains did 
not set in earlier in the treated animals ; the 
treatment did not speed up the recovery of 
the animals from the intoxication, although 
it has a very beneficial effect on mortality. 

Two other experiments were arranged 


similarly, but instead of intraperitoneal in- 
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TABLE 1.—Observations After June 3, 1954 
First Day, Experimental and Control Animals Were Given 300 Mg/Kg. of Lead Acetate Trihydrate in 


Tail Vein 
Day after beginning of intoxication...............+. 1 2 3 4 5 6 7 9 10 11 
Total daily dose of CaNaz2EDTA, mg./kg........... 90 200 200, 200 200 
i.p. 
Deaths 
1 34 1 1 5 1 1 
Total 
Total Total Amount of 
No. of No. of Mortality, CaNasEDTA 
Animals Deaths per Cent Given, Gm./Kg. Probability 
15 2 13.4 2.950-4.150 P = 0.001221 


TABLE 2.—Observations After June 16, 1954 
First Day, Experimental and Control Animals Were Given 300 Mg/Kg. of Lead Acetate Trihydrate in 


Tail Vein 
Day after beginning of intoxication....... 1 2 3 4 5 6 7 8 9 10 11 12 13 
Total daily dose of CaNazEDTA, mg./kg. 600 2000 200 200 
ip i.p. ip. i.p. i.p. i.p. i.p. i.p. 
1 
Deaths 
Total 
Total Total Amount of 
No. of No. of Mortality, CaNasEDTA 
Animals Deaths per Cent Given, Gm./Kg. Probability 
17 1 5.8 2.400-3.800 P = 0.001200 


jections subcutaneous administration was 
used. The results were highly significant— 
P=0.0000—P—0.0005 (Table 3). 

Results which were, however, not signifi- 
cant were obtained when the initial massive 
dose of edathamil calcium-disodium was omit- 
ted (Table 4). 


An additional experiment was performed 
in which experimental animals were given 
edathamil calcium-disodium according to the 
scheme recommended by Maison ||: intra- 
venous administration of 73 mg/kg. daily and 
not more than 360 mg/kg. weekly. This form 


|| Reference 8, page 144. 


TABLE 3.—Observations After Feb. 2, 1955 
First Day, Experimental and Control Animals Were Given 300 Mg/Kg. of Lead Acetate Trihydrate in 


Tail Vein 
Day after beginning of 
intoxication .........sse06++ 1 2 3 4 5 6 7 8 9 10 ll 12 13 14 
Total daily dose of 
sube. sube. sube. sube. sube. sube. sube. sube. sube. sube. 
Deaths 
Total 
Amount of 
Total Total CaNazEDTA 
No. of No. of Mortality, Given, 
Animals Deaths per Cent Gm./Kg. Probability 
10 1 10 2.800 P = 0.000592 
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TABLE 4.—Observations After July 6, 1954 
First Day, Experimental and Control Animals Were Given 300 Mg/Kg. of Lead Acetate Trihydrate in 
Tail Vein 


Day after beginning of 
intoxication 1 y 3 4 

Total daily dose of 
CaNasEDTA, mg./kg... 300 

sube. 


300 
sube. 


300 
sube. 


300 
sube. 


300 

sube. 
Experimental.... ... 1 1 1 1 

Deaths 

Control 3 


Total 
No. of 
Animals 
Experimental 
Control 
Only CaNasEDTA 


300 
sube. 


Deaths 


300 
sube. 


300 
sube. 


3 
1 2 eee 3 


Total 
Amount of 
CaNazEDTA 
Given, 
Gm./Kg. 


Total 
No. of Mortality, 
per Cent 


46.6 


Probability 
P = 0.13177 


of treatment, differing mainly in low level of 
dosage from that used in other experiments, 
was found to have no effect on this severe 
lead poisoning (Table 5). 


CONCLUSION 

From the experiments reported above it is 
clear that cases of severe lead intoxication in 
experimental animals may be dramatically 
improved by correct treatment with edathamil 
calcium-disodium. Edathamil calcium-disodi- 
um was inefficient in the first experiment, 
although administered almost immediately 
after lead injection (5 minutes), and the total 
amount injected during the first 12 hours 
was much in excess, on an equivalent basis, 
of the lead injected. It is obvious that after 
the injection the lead is fixed very rapidly by 
tissue structures and bound very firmly, so 
that edathamil calcium-disodium is not able 
to combine with a considerable proportion of 


it. In addition, the second and third experi- 
ments showed that it is of greater importance 
to continue the administration of edathamil 
calecium-disodium than to begin early with 
the treatment. Moreover, weight losses fol- 
lowed in the experimental group approxi- 


mately the same course as in the control 
group. It seems therefore that the drug does 
not exert its beneficial effect by substantially 
increasing lead elimination from those stores 
in the body that cause the symptoms and 
deaths in acute poisoning. These results 
rather seem to justify the view that edathamil 
calcium-disodium is effective predominantly 
by blocking the lead that is continually re- 
leased from these stores into the body fluids 
and by preventing it from reacting with some 
sensitive tissue structures. This hypothesis 
is in agreement with the observations that 
treatment with edathamil calcium-disodium 
has brought about a great alleviation of symp- 


TABLE 5.—Observations After Oct. 8, 1954 
First Day, Experimental and Control Animals Were Given 300 Mg./Kg. of Lead Acetate Trihydrate in 
Tail Vein 


Day after beginning of 
intoxication 

Total daily dose of 
CaNazEDTA, mg./kg. ...... 


Experimental 
Deaths 
| 


Total 
No. of 
Animals 
Experimental 
Control 


5 6 


8X24.5 
i.p. i.p. 


Total 
Amount of 
CaNazEDTA 
Given, 
Gm./Kg. 


Total 
No. of Mortality, 
Deaths per Cent 
9 60 
4 64 


Probability 
P = 0.47878 


10 714 
0 0 2.400 
824.5 3X24.5 72 an an 72 72 72 ae as 
i.p. im ina ip 
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toms without affecting markedly the time 
course of the intoxication. This might be the 
reason why the continual administration of 
the drug is of such great importance. 

This hypothesis, though highly speculative, 
is to some extent substantiated by the finding 
of Bauer'® that lead disodium edathamil 
(Pb EDTA) is considerably toxic on sub- 
chronic administration (L.D.59 for rabbits 
is eight and one-half days with daily doses of 
70 mg/kg.). Therefore, little benefit would 
result from the administration of edathamil 
calcium-disodium in severe cases of lead 
poisoning if it exerted its influence by greatly 
increasing the elimination of lead, in the 
form of lead disodium edathamil from the 
body. 

Other experiments showed that subcuta- 
neous administration is as effective as intra- 
peritoneal and that the omission of the mas- 
sive dose at the beginning of the medication 
or a considerable diminishing of the doses 
greatly decreases the effectiveness of the 
treatment. 

Experiments with chronic lead poisoning 
are now in progress and seem to be very 
promising. 
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REVIEW OF LITERATURE 

Mechanical breathers are a prime tool in 
laboratories where research for the develop- 
ment of protective respiratory equipment is 
conducted. There is an urgent need for 
standardization of mechanical breathers so 
that results of tests on protective respiratory 
equipment can be accurately reproduced. In 
the past three main types of mechanical 
breathers have been used: (1) piston-cylin- 
der type with crank action drive; (2) cam- 
driven bellows type, and (3) cam-driven 
piston-cylinder type. 

The piston-cylinder type with crank action 
drive is by far the most widely used me- 
chanical breather. It not, however, 
closely simulate human breathing, for it 
renders a uniform 


does 


sinusoidal curve. Ex- 
perimentation by numerous investigators has 
shown the human respiratory cycle to vary 
considerably from the sine wave. The major 
disadvantage of this type of mechanical 
breather is that it cannot simulate a pause 
in the breathing cycle.° 

In 1942 a cam-driven bellows type of 
mechanical breather was developed to be 
used for evaluation of protective respiratory 
equipment. This apparatus produced a pause 
in the breathing cycle, but several other 
weaknesses made it unsatisfactory for gen- 
eral use. Two primary weaknesses were: 
(1) The possible slippage of the belt-driven 


Received for publication Jan. 18, 1956. 


mechanism was a constant threat to experi- 
mental accuracy, and (2) a bellows was 
unsatisfactory because of its tendency to 
change volume when resistance 
which it must pump is varied. 


against 


The military service constructed a cam- 
driven piston-cylinder type of mechanical 
breather for testing high altitude respiratory 
equipment.* This mechanical breather gave 
satisfactory results in the tests for which it 
was designed but was inadequate for the de- 
gree of precision required in our work. This 
machine simulated human breathing at 
three work rates (sedentary, 179, and 415 
kilogram-meters [kg-m.] per minute). The 
cams for this machine were plotted from 
inspiratory curves according to Silverman 
and associates." Excessive tolerances in the 
cam slot gave small abrupt pauses at either 
end of both the inspiration and the expira- 
tion curves. In addition, these cams were 
not designed to incorporate in the breathing 
pattern the pause later shown by Silverman 
and associates® to exist for a person in 
sedentary position. 

Other investigators designed a cam-driven 
piston-cylinder type of mechanical breather 
to be used for studying the design of respira- 
tory valves.' This machine utilized a single 
cam designed in conformity with Fleisch’s 
scale of time and velocity.* The piston stroke 
of this machine was changed by varying the 
position of the fulerum on the rocker-arm 
which connects the cam-follower with the 
piston rod. The cam speed was varied by 
means of a series of belts and pulleys. The 
one-cam design of this machine does not 
allow for the pause in the sedentary work 
rate and still accurately simulate higher work 
rates. 
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In testing protective respiratory equip- 
ment, it is felt that the maximum leakage 
around an exhaust valve will occur immedi- 
ately after a short pause in the breathing 
cycle. This condition occurs as a result of 
allowing the differential pressure over the 
valve to equalize, and then leakage takes 
place for a brief period at the beginning 
of inspiration until there is adequate dif- 
ferential pressure to seat the valve. The 
relatively slow rate of inspiration at seden- 
tary conditions also contributes to this 
leakage. A mechanical breather, therefore, 


A. 
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was developed that more closely simulates 
the human breathing cycle than any other 


thus far investigated. 


MATERIALS AND METHODS 
A cam-driven piston-cylinder type of me- 
chanical breather has been designed which 
accurately simulates the human_ breathing 
cycle at five different work rates (sedentary, 
208, 415, 622, and 830 kg-m. per minute). 
The cams are the most important part 
of the mechanical breather and were plotted 
according to the respiratory patterns re- 


Fig. 1—Mechanical breather showing gears and cams for sedentary position and work rates 


of 208, 415, 622, and 830 kg-m. per minute. 
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AIK FLOWN, 


TIME IN SECONDS 


WORK RATE, SEDENTARY Fig. 2.— Seden- 
tary position. * OS 
RD Report 5732. 


AIR FLOW, L.P.M. 


TIME IN SECONDS 


WORK RATE, 208 KG.M PER MINUTE 


| 


60. 


Fig. 3.— Work 
rate of 208 kg-m. 
per minute. * OS 
RD Report 5732. 
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TIM IN SECONDS 


WORK RATE, 415 KG.M PER MINUTE 


Fig. 4. — Work 
rate of 415 kg-m. 
per minute. *OSRD 
Report 5732. 
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Fig. 5.—Work rate of 
622 kg-m. per minute. * 
OSRD Report 5732. 
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corded by Silverman and associates. Sev- 
eral methods of designing the cams were 
tried, but the most accurate was the method 
of weighing the elements of the curves, de- 
scribed as follows. First, the area under 
the inspiratory curve was divided into one- 
tenth second interval elements. The curve 
and elements were then traced on vellum 
paper by means of a sharp stylus, and the 
area under the curve cut from the vellum 
paper. The area under the curve was then 
weighed on an analytical balance, and the 
weight made equal to the volume of one 
inspiration. The elements of the area were 
then cut and placed on the balance one at 
a time, starting at the beginning of the in- 
spiration cycle, and the weight after each 
addition recorded. These weights were then 
translated into proportions of the total in- 
spired volume and then into distance the 
piston must travel to displace these one- 
tenth second elements of the total volume. 
These distances were then plotted on polar 
coordinates which corresponded to the one- 
tenth second intervals and thus generated the 


profile of the cam. The expiration cycles were 
plotted in the same manner, except the weight 


of the elements was subtracted from the 
total weight of the inspiratory curve and 
converted into piston displacement. This 
method was sufficiently accurate that dif- 
ferences in the volume of inspired and ex- 
pired air could be readily detected. Minor 
adjustments had to be made in the expiratory 
curves where this difference in volumes was 
significant. 

The mechanical breather utilizes two 4 in. 
cylinders and pistons which may be used 
singly (sedentary and 208 kg-m. work 
rates) or simultaneously (415, 622, and 830 
kg-m. work rates). The breather is powered 
by a % H. P. single-phase motor geared to 
render a shaft speed of 72 rpm. The power 
is transmitted to the cam shaft by means of 
two quick-change gears selected to give the 
proper cam speed. There is a set of gears 
and a different cam for each work rate simu- 
lated by this machine. Figure 1 shows the 
mechanical breather and its component parts. 


TIME IN SECONDS 


WORK RATE, 830 EG.M PER MINUTE 


4 
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Fig. 6—Work rate of 830 kg-m. per minute. * 
OSRD Report 5732. 


INSTRUMENT CALIBRATION 


To determine the accuracy of design of 
the mechanical breather, it was necessary 
to obtain its characteristic flow curves for 
comparison with the data from which the 
cams were plotted. The instrument used 
for this calibration was that utilizing a wire 
screen device, as described by Silverman 
and associates.* Essentially, the pressure 
drop across a fine mesh wire screen, inserted 
in the breather line, was measured by means 
of a pressure sensitive transducer, translated 
into flow and recorded by a recording strain 
gage analyzer. Figures 2 through 6 show the 
results of these evaluations. The sedentary, 
208, 415, 622, and 830 kg-m. per minute 
cams produce curves which conform to the 
design curves very closely. 


SUMMARY 

A cam-driven piston-cylinder type of me- 
chanical breather has been developed which 
simulates breathing of human subjects in 
sedentary position and working at rates 
varying from light to moderately heavy 
work (208, 415, 622, and 830 kilogram- 
meters [kg-m.] per minute). This machine 
has been designed to overcome the inherent 
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weaknesses in former mechanical breathers. 
The cams for this mechanical breather were 
plotted from the patterns recorded by Silver- 
man and associates in the Office of Scientific 
Research and Development (OSRD) Report 
5732, which includes a pause as an integral 
part of the sedentary subject’s cycle. The 
pause is significant in that it renders a se- 
verer test for protective respiratory items. 
Research laboratories can utilize this me- 
chanical breather to obtain more accurate 
evaluation of protective respiratory equip- 
ment than was possible in the past. 


Mr. Earl F. Oden, of Camp Detrick, rendered 
assistance in fabrication of the equipment described. 
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In recent years public attention has been 
drawn to a growing and serious condition of 
air pollution in populous areas of the world. 
Some of the most objectionable and spectacu- 
lar examples of air pollution take the form of 
smog, but the significance of air pollution is 
much broader than might be suspected from 
these examples. Scientists have been aware 
of this situation, and numerous analyses have 
been performed on polluted air in many parts 
of the world in an attempt to isolate com- 
ponents which, although present in small con- 
centrations, may constitute a nuisance or a 
health hazard. 


Accumulated evidence has strongly indi- 
cated that condensed multinuclear aromatic 
hydrocarbons are generaliy present among 
the contaminants, apparently resulting from 
incomplete combustion of solid and liquid 
fuels. These hydrocarbons have aroused spe- 
cial interest because of the carcinogenic prop- 
erties associated with several members of the 
series. This paper presents a review of some 
recent studies relating this type of high mo- 
lecular weight hydrocarbon to combustion 
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processes. It also presents a preliminary re- 
port of current laboratory investigations in 
which various gaseous fumes were burned 
under controlled conditions to correlate the 
production of polyaromatic hydrocarbons 
with the combustion process. A subsequent 
paper will discuss this latter study in greater 
detail. 

The combustion of coal extensively for in- 
dustrial, commercial, or domestic purposes 
usually produces some atmospheric smoke. 
The examination of air-borne and deposited 
soot from several large coal-burning cities 
showed the presence of appreciable amounts 
of polyaromatic hydrocarbons,* including 
benzpyrene, one of the members of the hydro- 
carbon series possessing carcinogenic proper- 
ties. This is not too surprising, since destruc- 
tive distillation of coal has long been used as 
a source of aromatic hydrocarbons, including 
naphthalene, anthracene, and similar com- 
pounds. 


The analysis of chimney-soot deposits and 
air filtrates from three cities of the Soviet 
Union where oil, wood, peat, and coal were 
the fuels used also indicated the presence of 
polynuclear hydrocarbons.* The city in which 
liquid fuel was principally used showed the 
highest air-borne concentration of benz- 
pyrene. Another observation was that the 
atmospheric concentration of polycyclic hy- 
drocarbons was greater in winter than in 
summer. Incomplete combustion of the vari- 
ous fuels was offered as an explanation for 
the presence of these hydrocarbons. 

Along similar lines Cooper and Lindsey * 
suggested that the origin of pyrene and re- 
lated compounds found in freshly fallen snow 
in the London area was some pyrolytic action 
occurring during the combustion of gasoline 
as well as coal. 


* References 1 to 4. 
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The probability that the combustion of 
petroleum products could account in part for 
the presence of air-borne aromatic hydro- 
carbons was strengthened by findings in the 
Los Angeles area, where numerous analyses 
indicated the presence of pyrene, benzpyrene, 
and related compounds in the atmosphere.° 
In that community liquid and gaseous fuels 
are used almost exclusively for heat and 
power. The same research group that re- 
ported this finding isolated pyrene, 3,4-benz- 
pyrene, 1,2-benzpyrene, 1,12-benzperylene, 
anthanthrene, and coronene directly from in- 
ternal-combustion-engine exhausts.7 It is be- 
lieved that the major source of air-borne 
carcinogenic hydrocarbons in the Los An- 
geles basin is incomplete combustion of petro- 
leum distillates. 

In a study by Kotin * on the effluents from 
automotive engines, he noted that soot and 
polycyclic hydrocarbon production is maxi- 
mal during acceleration, a period in which 
combustion occurs under increased pressure. 
This is in accord with the findings of Schalla 
and McDonald,’ who noted a sharp increase 
in smoking tendency (incomplete combus- 
tion) of a fuel under increasing pressures. 

Combustion of cellulose products may be 
added to the growing list of potential sources 
of air-borne polycyclic hydrocarbons because 
of a recent investigation made by Cooper and 
Lindsey.’° They showed that shredded cigar- 
ette paper, burned slowly as in a cigarette, 
produced detectable amounts of benzpyrene 
and related compounds. As the result of this 
study it is necessary also to consider trash 
burning as a possible source of such contami- 
nating hydrocarbons, since solid combustible 
trash consists largely of paper, wood, and 
garden and tree trimmings, all of a cellulose 
nature. In many cities open burning or con- 
trolled incineration of trash is practiced ex- 
tensively, a procedure which may contribute 
polynuclear hydrocarbons to the atmosphere. 

Considering the fuels mentioned, there are 
several possible explanations for the presence 
of condensed multinuclear aromatic hydro- 
carbons in the combustion products: First, 
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aromatic compounds initially present in the 
raw material are distilled off directly (or re- 
arranged and then released) during the burn- 
ing process. A second possibility is that or- 
ganic fuels undergo a pyrolytic degradation 
resulting in the formation of hydrocarbons 
and free radicals having a small molecular 
weight, such as methane, CH,; methyl, 
CHs3-; methylene, —CH2-; methylidyne, 
CH=; ethylene, CHo=CH2; vinylene, 
—CH=CH-; acetylene, CH=CH; ethyny- 
lene, —-C==C-, etec., which in turn combine to 
synthesize ring compounds of the condensed 
nuclear type. 

Direct distillation of aromatics from or- 
ganic fuels, mentioned as one possibility, 
would be an acceptable explanation in cases 
where aromatic hydrocarbons are initially 
present in the fuel, as might be the case with 
coal, gasoline, and petroleum oils. But poly- 
cyclic aromatics are also found in the exhaust 
products of pure cellulose-type fuels, such as 
wood and paper, in which a pure cyclic 
hydrocarbon structure is not normally pres- 
ent; the closest approach is a heterocyclic 
hemiacetal-type of structure. The only ap- 
parent explanation for the presence of the 
aromatic hydrocarbons in the exhaust prod- 
ucts of cellulose-type fuels is that they must 
be produced during combustion through some 
reaction involving synthesis, 1. e., by the sec- 
ond mechanism mentioned above. 


Kinney and Crowley '* demonstrated that 
at elevated temperatures in a pyrolysis reac- 
tion vessel it is possible to convert ethylene, 
ethane, propylene, and propane to condensed 
fused ring aromatics. The relative yields and 
rates of formation of these hydrocarbons 
could be best explained using a free radical 
mechanism, starting with the simple hydro- 
carbons and producing free radicals by pyro- 
lytic action as the first step. Under certain 
conditions it is possible to assume a simi- 
larity between the reactions occurring in the 
pyrolysis reaction vessel and the reactions 
occurring at a combustion source. For ex- 
ample, the temperature in a flame can be 
made to correspond to that maintained in 
the pyrolysis tube, while the composition of 


HYDROCARBON SYNTHESIS IN) COMBUSTION 
Cat ane2 * + CO + CO, + Hot 
Catan Ca Hon-1° + CmHn 
C§mHn Op Xq * 
ORGANIC FUELS 
Cote 
INCLUDES: 
BENZENE CH STYRENE GH NAPTHALENE 
CH PG CHC He CoH, 
| 4 
CHy/H- H CoH, C2He 
BUTADIENE HE XATRIENE OCTATETRENE 
ae 
THIS PART OF THE CONJUGATED OLEFIN 
| 
Cony CoH, 
Cy Me HP CoH PC, Hy PC, HEAVY PRODUCTS 
CONSISTING 
OF CONDENSED 
MULTINUCLEAR 
H: C,H 
AROMATICS 
OIALLYL HE XATRIENE BENZENE TOLUENE 


Fig. 1—A schematic mechanism for formation of condensed multinuclear aromatics from 


organic fuels. 


certain portions of the flame, being devoid of 
oxygen, corresponds to the inert atmosphere 
in the pyrolysis vessel. On the basis of this 
study and several others which will be dis- 
cussed, the free radical mechanism appears 
to be the most logical way of explaining the 
presence of polycyclic hydrocarbons in com- 
bustion products from all types of fuels. A 
simple diagram summarizing the most likely 
reactions accounting for the formation of 
aromatics in a pyrolysis reaction vessel has 
been formulated by Kinney and Crowley.’* A 
modification of their scheme with respect to 
starting products is shown in Figure 1 be- 
cause of the apparent similarity in the end- 
products produced in both the pyrolytic and 
the combustion processes. 

On the basis of Kinney and Crowley’s 
work it is possible to summarize one possible 
course of reaction occurring during incom- 
plete combustion. In the first step organic 
fuels are broken down by pyrolytic action to 
form simple aliphatic hydrocarbons and their 
free radicals, which is plausible on the basis 
of numerous investigations reported in Eg- 


loff’s monograph.'* These, in turn, recombine 
to produce aromatic-type hydrocarbons, as 
shown, One important point to emphasize is 
that under ideal conditions the yields of aro- 
matic hydrocarbons in the pyrolytic reaction 
vessel are of the order of 25% to 50%, 
whereas the yields of combustion products 
are on the order of micrograms of aromatics 
per gram mole of organic fuel. just what 
minimum concentration of polycyclic hydro- 
carbons presents a health hazard is still a 
moot question, 

Several closely related studies support the 
theory of synthesis reactions but do not pos- 
tulate any reaction mechanisms. At a con- 
ference of the Southern California Air Pol- 
lution Foundation in August, 1954, it was 
reported that acetylene has been shown to be 
produced and exhausted from internal-com- 
bustion engines.’ This fact has been inde- 
pendently verified.’* In addition, it was re- 
ported that higher molecular weight hydro- 
carbons are found in the exhaust products 
than in the fuel used and that polymerization 
of unsaturates occurs during combustion. 
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These statements support the evidence al- 
ready presented, namely, that polycyclic 
hydrocarbons in exhaust products of internal- 
combustion engines are produced through a 
mechanism involving acetylene as the start- 
ing material, the acetylene resulting from 
pyrolytic breakdown of the aliphatic hydro- 
carbon fuels. This is in complete accord with 
Egloff,’* who reported that at high tempera- 
tures acetylene condenses through a free radi- 
cal mechanism to form higher molecular 
weight aliphatic and aromatic hydrocarbons. 


Significant observations of a related nature 
have been made in the field of fuel research. 
On the basis of spectroscopic observations of 
hydrocarbon flames, Thomas reported that 
there is indication of large polymer formation 
in hydrocarbon flames and that C2 emission 
occurs during the combustion. In the pres- 
ence of oxygen, polymerization of hydro- 
carbons is usually accompanied by dehydro- 
genation to more unsaturated compounds.’* 

Although the evidence gathered from lit- 
erature and presented in this paper cannot be 
considered comprehensive, it indicates the 
need for additional research in at least two 
important aspects to elucidate the significance 
of combustion in air pollution. One is the 
fundamental study to determine the relation- 
ship between incomplete combustion and the 
production of aromatic hydrocarbons. The 
second is to clarify the effects of air-borne 
carcinogenic hydrocarbons on humans with 
respect to concentration and elapsed time of 
contact. 


A long-range study has been inaugurated 
in the Sanitary Engineering Research Labo- 
ratory of the University of California to in- 
vestigate the relationship of combustion to 
condensed nuclei aromatic compound forma- 
tion. As mentioned, this class of compounds 
is under investigation, because it contains 
several members having known carcinogenic 
properties. The initial studies include only 
gaseous hydrocarbon fuels for two reasons. 
They have not been studied previously to any 
extent with respect to their inclusion in the 
list of fuels known to produce these aromatic 
compounds. Secondly, the necessity of con- 
trolled combustion is apparent in this type 
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of investigation and is most easily accom- 
plished with the use of gaseous fuels. The 
investigation will be broadened to include 
liquid and solid fuels. 

A furnace was constructed to burn the 
fuels under controlled conditions. A sampling 
probe can be inserted into the stack to with- 
draw combustion products. Suitable sampling 
traps can be arranged to obtain wet or dry, 
gaseous or particulate samples. Since a smoky 
flame is associated with incomplete combus- 
tion, considerable emphasis was placed on 
obtaining representative particulate samples. 

The work of Schalla and McDonald '* pro- 
vided a basis for selecting several gaseous 
fuels for the initial study. They related the 
degree of unsaturation, the degree of branch- 
ing, and the length of carbon chain in the 
aliphatic hydrocarbon series to the tendency 
of the hydrocarbons to smoke when burned. 
To cover a wide range of fuels with respect 
to smoke production, four gases were chosen 
—natural gas (mostly methane), butene-1, 
acetylene, and butadiene. On an arbitrary 
scale of smoke production these gases range, 
in the order given, from a typical nonsmoking 
fuel to one which may produce heavy smoke. 
In reality, such an arbitrary scale represents 
only the relative ease with which smoke may 
be produced by burning fuels, since even 
methane can be burned smokily. 

In the preliminary work all the fuels were 
burned in a manner that produced a smoky 
stack discharge. A portion of the particulate 
component was filtered out and subsequently 
extracted with ether. So far the gaseous by- 
products have been given little attention, 
since it was felt that the polycyclic hydro- 
carbons would be present as particulate mat- 
ter in the cooled effluent owing to the ex- 
tremely low vapor pressure of this class of 
compounds. It was also felt that these hydro- 
carbons could be adsorbed on the carbon 
particles which comprise the major par- 
ticulate component of the stack discharge. 
Figure 2 is a photomicrograph of typical 
stack-discharge particles thermally precipi- 
tated. 


A brown, oily residue remained after the 
ether was driven from the reddish-brown 
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Fig. 2.—Carbonaceous smoke separated by ther- 
mal precipitation from incomplete combustion of 
natural gas; x 43,000. 


ether extract. The viscous residue had a 
phenolic hydrocarbon odor not unlike that 
associated with typical atmospheric pollution. 
This oily residue when observed directly 
under ultraviolet light showed little or no 
fluorescence, but a smear on filter paper of 
a very dilute ether extract of the same oil 
fluoresced strongly. This could be interpreted 
in several ways; for example, material is 
present in the oil that quenches the fluores- 
cent effect, or, alternatively, the fluorescent 
material in the oil is in a liquid phase and in 
such condition does not fluoresce, whereas 
the residue remaining from an ether smear 
is in a crystalline form which is capable of 
fluorescing. This latter phenomenon is com- 
mon among fluorescing materials. 

When a paper chromatographic technique 
was applied to a small volume of the ether 
extract, it was possible to identify tentatively 
some of the fluorescing components of the oil. 
This identification was made by chromato- 
graphing known polycyclic aromatic hydro- 
carbons by the same technique as applied to 
the unknowns and comparing the developed 
chromatograms. A typical example is shown 
in Figure 3. It is interesting to note that the 
chromatograms developed from the four fuels 
tested are very similar with respect to the 
position of the spots, indicating the same 


COMBUSTION 


hydrocarbons are produced during incom- 
plete combustion regardless of the fuel. As 
expected, the distribution on the paper chro- 
matograms is the same as that found in 
column chromatograms."* 


Figure 3 indicates the range in this series 
of hydrocarbons that the unknown might en- 
compass. In the chromatographic technique 
employed, it is difficult to move the known 
dibenzanthracene from the starting point. It 
is likewise very difficult to move some of the 
fluorescing material from the starting line in 
the unknown mixture. It is a generally ac- 
cepted fact that among compounds belonging 
to a condensed ring system the more double 
bonds present, the closer the compound is 
located to the starting point in the developed 
chromatogram. On this basis there is an indi- 
cation that the unknown mixture contains 
hydrocarbons having six or more condensed 
rings. In addition, numerous hydrocarbons 
are observed in the range covering three to 
six condensed aromatic rings. Phenanthrene, 
as indicated, is present in the known mixture 
but is so volatile that it can only be detected 
immediately after developing the chromato- 
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Fig. 3.—Typical chromatogram of hydrocarbons 
from smoky combustion; butene-1 used as fuel. 
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gram. There is a strong indication that it is 
also present in the unknown mixture. 

Of the hydrocarbons comprising the un- 
known mixture, those that contain a “build- 
ing block” corresponding to 1,2-benzanthra- 
cene are of primary interest. Condensed poly- 
nuclear aromatic compounds having this 
“building block’”’ incorporated into their 
structure generally possess carcinogenic 
properties. Of the unknowns tentatively iden- 
tified and falling under this classification, are 
benzpyrene and dibenzanthracene. 


To verify the identification of the un- 
knowns, the ultraviolet absorption spectra of 
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Fig. 4.—Absorption spectra of 3,4-benzypyrene ; 
known standard and material separated from incom- 
plete combustion of acetylene. 


the chromatographed components were run 
and compared with the spectra of the knowns. 
A comparison of the typical curve obtained 
for 3,4-benzpyrene, known and unknown, is 
shown in Figure 4. Agreement of the chro- 
matograms and absorption spectra of knowns 
and unknowns enables a positive identifica- 
tion. There are still many difficulties to be 
overcome in measuring all the various spec- 
tra, such as extremely small concentrations 
and relative insolubilities of the higher 
molecular weight hydrocarbons in most 
solvents, but it is felt that these will be over- 
come eventually. 
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As mentioned in the opening statements, 
this preliminary report indicates a problem 
and the possible solution. The strong impli- 
cation at present is that incomplete com- 
bustion of an organic fuel leads to formation 
of a series of polyaromatic hydrocarbons in 
the particulate by-products. A subsequent 
paper will furnish a complete report on this 
project, which is felt to be fundamental in 
the field of air-pollution studies. 


SUM MARY 


A review of recent literature pertaining to 
the presence of polyaromatic compounds, 
such as benzpyrene, in smoke-contaminated 
air is accompanied by a preliminary report 
relating combustion of gaseous fuels to the 
production of these compounds. Whereas 
previous evidence has indicated that the 
multinuclear aromatics are found on incom- 
plete combusion of solid or liquid fuels, cur- 
rent studies demonstrate their presence also 
in combustion products of hydrocarbon gases. 


Because the fuels used are all aliphatic, 
namely, methane (natural gas), butene-1, 
acetylene, and butadiene, while the products 
being investigated are polyaromatics of much 
higher molecular weight, a mechanism for 
their formation is suggested. The compounds 
tentatively identified by chromatography and 
ultraviolet spectrophotometry range from 
anthracene to material having six or more 
condensed benzene rings. 


ADDENDUM 


The following procedure employed to obtain the 
chromatogram in Figure 3 is typical of that used 
for the several gases. The analytical technique is 
being continually improved and will be discussed 
fully in a later paper. 

Butene-1 was burned at a rate of 0.46 liter per 
minute in an atmosphere of filtered air supplied at 
a rate of 11.3 liters per minute. Under these con- 
ditions the gas burned with a smoky yellow flame, 
producing an effluent gas containing 8.1% COs and 
7.4% Os. During six and one-half hours particulate 
components of the stack gas were filtered in a 
Whatman extraction thimble (43 by 123 mm.) at a 
rate diminishing from 8.5 liters per minute, the 
sampling point being within the stack. After 2900 
liters of gas had been sampled, the collection thimble 
was removed and placed directly in a Soxhlet ap- 
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paratus, where the extraction with diethyl ether 
was allowed to proceed for 24 hours. The ether 
extract was reduced in volume, by evaporation, 
from approximately 300 ml. to 20 ml. This concen- 
trate was spotted directly on Whatman No. 44 filter 
paper strips, using 5 ul aliquots. A descending-type 
chromatogram was developed, using 40% acetic acid 
as the developer. The paper was removed from the 
cabinet at the end of 18 hours, dried, and viewed 
directly under an ultraviolet light, the fluorescence 
of the compounds being their own indicator. A com- 
parison was made against chemicals of known com- 
position developed in parallel on the same filter 
paper. A blank on reagents and sample collecting 
thimble did not show the presence of aromatic com- 
pounds. 
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Phenylmercuric acetate is employed as a 
fungicide and insecticide for the protection 
of seeds and seedlings, as a wood-preserving 
agent, and as a protective coating for leather 
and canvass products. Medicinally it has 
proved useful in low concentrations as a 
disinfectant for diapers,* as a spermicidal 
agent in contraceptive jellies, and as a pre- 
servative for biological materials.° This 
chemical has widespread applications, and 
with the exception of one patient reported by 
Goldblatt,® lesions of skin and mucous mem- 
branes have not been observed following con- 
tact with it. The purpose of this paper is to 
report our studies of a patient who experi- 
enced a severe hypersensitivity of the skin 
following brief contact with a concentrated 
solution of phenylmercuric acetate. 

Eastman and Scott * found the toxicity of 
phenylmercuric acetate to be relatively low, 
the L. D.5o being 20 mg. per kilogram of body 
weight for rats and mice and 5 mg. per kilo- 
gram for rabbits. These amounts are 125 to 
500 times the quantity employed in vaginal 
applications to produce spermicidal effect. 
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Swensson,’ in his study of the toxicity of 
various organic mercuric compounds, found 
the L. D.59 of phenylmercuric acetate to be 
15 mg. per kilogram of body weight when 
injected intraperitoneally as a single dose in 
mice. He observed the following order of 
toxicities: alkyl<aryl<mercuric chloride. 

In a study of chronic toxicity in rats fol- 
lowing the oral administration of phenylmer- 
curic acetate, Fitzhugh, Nelson, Laug, and 
Kunze * reported mercury to be present in 
both liver and kidney tissues. These investi- 
gators noted renal damage principally in the 
proximal convoluted tubules and observed 
that renal lesions occurred when diets con- 
taining amounts as low as 0.5 ppm of 
mercury (as phenylmercuric acetate) were 
ingested. 

Phenylmercuric salts are effective as pre- 
servatives for biological materials ¢ in dilu- 
tions as high as 1 to 25,000. The benzoate 
salt was used by the United States Army 
during the last war as a preservative for 
camouflage cosmetics.’ It is noteworthy that 
dermatitis was not reported following the 
application of such materials. 


PHYSICOCHEMICAL PROPERTIES OF 
PHENYLMERCURIC ACETATE 


Phenylmercuric acetate (C—~>-HgCH:COO ) 
is a white salt of the phenylmercuric ion 
that is only slightly soluble in hot and cold 
water. It is easily converted to more soluble 
salts of this ion, such as the chloride, by 
treatment with an excess of the desired 
anion. The melting point is 149C. It is 


t¢ References 5 and 9. 
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quite soluble in glacial acetic acid, benzene, 
and alcohol. 
Phenylmercuric acetate may be easily pre- 
pared in high yield by direct mercuration of 
benzene with mercuric acetate. The large- 
scale preparation of this compound has been 
described recently by Kobe and Lueth." 
Arylmercuric salts as a class undergo two 
common reactions which are apparently 
examples of electrophilic displacement of 


mercuric ions. These two reactions illustrate 
the ease with which phenylmercuric deriva- 
tives may be converted into relatively soluble 
mercuric salts. 


REPORT OF A CASE 


The patient, a 26-year-old research chemist, acci- 
dentally spilled approximately 30 ml. of a saturated 
solution of phenylmercuric acetate in benzene (esti- 
mated 20% by weight) over his right hand. The 
solvent evaporated rapidly leaving a white crust of 


Fig. 1—Lesions on dorsum of right hand 
days after exposure to phenylmercuric acetate. 


five 
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Fig. 2.—Lesions on palm of right hand five days 
after exposure to phenylmercuric acetate. 


the material on the patient’s hand. The patient im- 
mediately washed his hand with soap and warm 
water. The hand developed no immediate discolora- 
tion or discomfort, and the patient felt well and 
continued his normal activities for the remaining 
six hours of the working day. 


About eight hours after exposure the patient de- 
veloped pruritus and erythema on the back of his 
right hand. Itching progressed into a burning sensa- 
tion and discomfort. Vesicles began to form ap- 
proximately 13 hours after exposure, developing 
into bullae which formed steadily for the next two 
days. On the second day after exposure yellow 
serous fluid was removed from the bullae for chemi- 
cal analyses. With the exception of mild episodes of 
nausea, there were no systemic reactions. Figures 
1 and 2 illustrate the state of the lesions on the fifth 
day following exposure. Treatment consisted of 
aspiration of all blister fluid and the application of 
anesthetic ointments and sterile dressings. The 
lesions were well healed without scar formation in 
two to The only residual effect 
observed three months after exposure was loss of 
hair over the exposed areas. 


three weeks. 


Chemical studies were undertaken on the patient's 
serum and on the serous fluid removed from the 
bullae. The results of the analyses are given in the 
Table. The distribution and concentration of pro- 
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teins in the serum and bullous fluid were determined 
by electrophoretographic studies and nitrogen anal- 
yses by the Pregl method. Mercury was found to 
be present in the serous fluid in a concentration of 
40 mg. per liter. 

The concentrations of albumin and of @-, @-, 
and 8-globulins in the serum are all slightly elevated 
above our normal range of values. Serum Y-globu- 
lin alone is slightly decreased. The concentration of 
total proteins in the bullous fluid is only 60% of the 
concentration present in serum; however, the ratios 
of albumin to globulin are essentially the same in 
the two fluids. It is noteworthy that the concentra- 
tion of y-globulin in the serous fluid is greater than 
that found in serum; percentilewise it is almost 
double that of serum. 

Since diminution in the concentration of serum 
electrolytes (particularly chloride) may be observed 
during acute mercury poisoning,’® measurements 
for total base and chloride were obtained in this 


Proteins in the Serum and Serous Fluid 


Serum Bullous Fluid 
Per Cent Per Cent 
of of 
Gm./ Total Gm./ Total 
100 Ml. Protein 100 Ml. Protein 
Total proteins 7.3 4.6 
Albumin 3.7 5 2.4 52 
Total globulins 3.6 49 232 48 
A/G ratio 1.03 Line 1.09 i 
ai-globulin 0.42 5.6 0.09 2.0 
a2-globulin 1.10 15.1 0.38 8.3 
B-globulin 1.02 48 0.60 13.0 
1.03 14.8 1.14 25 


y-globulin 


patient’s serum. Five days after exposure the con- 
centrations were within the normal range of values, 
the total base being 148 mEq. per liter and chloride 
being 103 mEq. per liter. Urinalyses during the first 
three weeks after exposure were essentially normal. 


COM MENT 


The exudation of serous fluids into extra- 
cellular spaces is associated with increased 
vascular permeability. This increased perme- 
ability presumably is caused by the denatura- 
tion of protoplasmic structures by phenyl- 
mercuric acetate. Potentially the atoms of 
phenylmercuric salts are capable of expand- 
ing their valence shells by the coordination of 
electron-donating atoms, such as nitrogen, 
sulfur, and oxygen. It would seem probable, 
therefore, that the terminal amino, hydroxyl, 
and sulfhydryl groups present on protein 
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molecules may coordinate with the mer- 


cury atom of arylmercuric salts as follows: 


CA 


Such coordination should have two obvious 
effects: (1) reduction of the solubility of 
the protein in water due to the loss of func- 
tional groups commonly associated with 
water solubility and (2) disruption of enzy- 
matic processes which depend on the pres- 
ence of free sulfhydryl, hydroxyl, and amino 
functional groups. 


° 


NH, —> HgOCcH, 
+ HgOCCH, —— > 


° 
HgotcH, 


It is noteworthy that in this case, here- 
with reported, as well as in the case de- 
scribed by Goldblatt,* no symptoms appeared 
for several hours after contact with the aryl- 
mercuric salt. The reaction, therefore, would 
appear to be that of delayed hypersensitivity 
rather than that of primary irritation. 

The rapidity with which the lesions healed 
in our patient may be due in part to the fact 
that bullous fluid, which has a relatively high 
content of mercury, was removed shortly 
after its formation. 


SUMMARY 


Studies are reported on a patient who 
developed severe delayed sensitivity of the 
skin, with formation of bullae, following 
exposure to a saturated solution of phenyl- 
mercuric acetate in benzene. The blister 
fluid yielded mercury in a concentration of 
40 mg. per liter and was high in y-globulin. 
It is proposed that if vesication should 
develop following contact with organomer- 
curic salts the serous fluid should be aspi- 
rated as rapidly as it is formed in order to 
remove the mercury that may accumulate. 
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A chemical engineer associated with the 
development of the process for purification 
and reduction of zirconium metal developed 
pulmonary granulomatosis after seven years 
of intermittent contact with this metal. This 
occurrence prompted an investigation into 
the possibility that dusts and fumes encoun- 
tered in the production of zirconium might 
produce a pulmonary granulomatosis. 

The relation of zirconium to silicon in the 
periodic table of elements was another reason 
for looking on this metal with some sus- 
picion. The negative findings of this study 
will be briefly presented, although the subse- 
quent course of the engineer’s illness and 
lymph node biopsy indicated that he suf- 
fered from sarcoidosis or chronic beryllium 
poisoning (he had been rather heavily ex- 
posed to beryllium seven years previously ). 

The growing literature on the biological 
activity of zirconium and its compounds will 
not be reviewed except to refer to the study 
of Harding and Davies' on the effects of 
inhaled zirconium silicate dusts. They found 
that after exposure to zirconium. silicate 
dusts intensively for seven and one-half 
months rats developed radiographic shadows 
in the lungs. On histological examination 
there was no cellular reaction, and the shad- 
ows were attributed to phagocytized radio- 
paque particles. Other workers have also 
found this metal to be remarkably non- 
toxic.* 
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The process of production of zirconium is 
diagramed in the Figure. Steps 5 through 
17 were carried out at the U. S. Bureau of 
Mines in Albany, Ore. Zirconium com- 
pounds in dust form are encountered as zir- 
conium chloride (ZrCl,) (which hydrolyzes 
to zirconyl chloride ZrOCl,), zirconium 
oxide (ZrO), and metallic zirconium. In 
addition, workers are exposed to low and 
nontoxic concentration of hydrochloric acid, 
chlorine, phosgene, and to small amounts of 
other oxides and chlorides of magnesium, 
aluminum, titanium, and hafnium. 


OBSERVATIONS 


I. Animal Studies—Two-year-old guinea 
pigs were placed in cages in the plant as 
near as possible to heaviest concentration of 
dusts at Steps 5, 8, 9, 10, 11, 12, 13, and 14. 
The plant was in continuous 24-hour opera- 
tion, and the guinea pigs were kept in this 
environment constantly for 2 to 6 months. 
Several of the guinea pigs died during the 
exposure, and the remainder were killed after 
six months. All animals were autopsied, and 
the lungs examined histologically. There 
was no evidence of inflammatory reaction, 
granuloma formation, or fibrosis in the lungs 
of any of the animals. 

II. Clinical Studies —Twenty-two work- 
ers who had been exposed to the fumes 
of this process for periods of one to five years 
were studied. Men who had been employed 
the longest and those with chest symptoms 
were selected. Clinical studies included his- 
tory, physical examination, vital capacity 
determination, and serial chest roentgeno- 
grams. Most of these men were veterans of 
World War II, and many had been in areas 
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where histoplasmosis and coccidioidomycosis 
are endemic. 

No cases of pulmonary granulomatosis 
were found. No other workers presented 
findings similar to the engineer previously 
mentioned. Fifteen of the twenty-two men 
had no symptoms of lung disease. Two had 
mild bronchial asthma. Five men had chronic 
cough and sputum and had consulted a phy- 
sician for chest symptoms. A diagnosis of 
chronic bronchitis had been made, and my 
findings confirmed this diagnosis. Three of 
those five men worked in the chlorination 
room and attributed their symptoms to chlo- 
rine fumes. 

No significant abnormalities were found on 
physical examination, and the chest expan- 
sion was normal in all cases. The vital capa- 
city was within normal limits in all but two 
of the men. These men were among the five 
with chronic bronchitis and had vital capaci- 
ties of 3.2 and 3.8 liters, respectively. 

Roentgenograms were made in June, 1954, 
October, 1954, and March, 1955. In no case 
were there striking abnormalities in the lung 
fields. In 11 cases the three films were inter- 
preted as entirely normal. The two men with 
reduced vital capacity had normal roentgeno- 
grams. In seven there was equivocal increase 
in peripheral lung markings in one of the 
three films, but this may have been more in 
the mind of the observer than in the chest of 
the worker. In the remaining four cases 
slight increase in lung markings was seen in 
two or more films. Three of these four cases 
were in the group of five men with chronic 
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bronchitis, and three of them worked in the 
chlorination room. No changes reasonably 
attributable to radiopaque dusts were found. 


SUMMARY AND CONCLUSIONS 


The possibility that dusts encountered in 
the production of zirconium metal might pro- 
duce pulmonary granulomas was _ investi- 
gated by animal exposure and by clinical and 
radiographic evaluation of selected employ- 
ees. No abnormalities attributable to zir- 
conium were found. 


This study was made possible by the gracious 
cooperation and assistance of Stephen M. Shelton, 
Regional Director, Region I, U. S. Bureau of Mines, 
and D. Compton McKerahan, Safety Engineer, 
Region I, U. S. Bureau of Mines. 

The roentgenograms were made through the co- 
operation of Dr. A. T. Morrison, of the U. S. Public 
Health Service, Portland, Ore. The microscopic 
examination of the lung of the guinea pigs was 
performed by Dr. Raymond D. Grondahl, Division 
of Clinical Pathology, University of Orgeon Med- 
ical School. 
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Trichloroethylene Metabolism and Its Effect on the Nervous System 


Evaluated as a Means of Hygienic Control 


ZDENEK BARDODEJ, Sc.D. 
and 


v, v 
JIRL VYSKOCIL, M.D., Brno, Czechoslovakia 


Trichloroethylene is widely used all over 
the world as a solvent for fats and other 
organic compounds. It is employed for 
degreasing, cleaning, and extracting purposes 
and recently also as the raw material for 
organic syntheses. From the technical point 
of view it has excellent properties—powerful 
solvent action and a convenient boiling point 
(87 C); it is incombustible, is markedly 
inert chemically, and has also suitable bio- 
logical properties; owing to its remarkable 
metabolism in the organism, it is not toxic 
to the liver. Like other volatile solvents with 
fat affinity, it is a powerful anesthetic drug 
and nerve poison. 


The toxicology of trichloroethylene has 
been extensively studied in Europe and 
America; many investigators undertook re- 
search on its narcotic and toxic effects from 
the clinical, hygienic, and toxicological as- 
pects. The acute and chronic toxicity was 
studied in animals and man. Inasmuch as 
the biological effect of every poison is dis- 
played by the mutual reaction between organ- 
ism and toxic agent, considerable research 
was done by biochemists who were able, 
owing to the Fujiwara color reaction * given 
by some halogen compounds with pyridine 
and alkali, to follow fairly easily the effect 
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of the organism upon trichloroethylene, that 
is to say, the metabolism of trichloroethylene 
and the elimination of both trichloroethylene 
and its products. 


PART I 

In 1933 Briining and Schnetka * found 
that the urine of persons exposed to tri- 
chloroethylene vapors gives with pyridine 
and alkali a color reaction like that of tri- 
chloroethylene and suggested the elimination 
of this hydrocarbon by urine. In 1938 Barrett 
and Johnston + demonstrated trichloroacetic 
acid in the urine of dogs narcotized with 
trichloroethylene. They were unable to 
explain its origin. Trichloroactic acid was 
isolated in the form of its piperazine salt. 
Powell ® brought additional proof of the mat- 
ter by identifying this compound in the urine 
of persons on whom an operation was per- 
formed under trichloroethylene anesthesia ; 
she also demonstrated the slowness of its 
elimination and stressed the importance of 
the Fujiwara color reaction for the check-up 
of persons exposed to trichloroethylene in 
their work. With Paykog’ she followed the 
curious slow elimination of trichloroacetic 
acid after intravenous injection of its sodium 
salt and derived a formula for its blood level. 


4 1 
»-0.0085 — »-0.13 t 


The validity of the formula was confirmed 

(for the concentrations studied by Powell 

and Paykog) by Bardodéj and Krivucova ft 

who followed the elimination of trichloro- 
+ References 4 and 5. 
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acetic acid in the urine of both persons to 
whom chloral hydrate was administered per 
os and persons given trichloroethylene inha- 
lations. Bardodéj, Chlumsky, and Krivu- 
cova § followed trichloroacetic acid elimi- 
nation in a case of accidental severe acute 
trichloroethylene intoxication. The results 
are illustrated in Graph 1. The deviation 
from the original exponential slope of the 
elimination curve after reaching the elimina- 
tion maximum on the third day (when tri- 
chloroacetic acid was still being produced by 
the organism) is explained by these investi- 
gators by suggesting the influence of a 
mechanism operating with a slower action 
than that of the simple passage of trichloro- 
acetic acid through the kidney filter—most 
probably a slow desorption of trichloroacetic 
acid from proteins. The acid continued being 
eliminated for about three weeks. Vyskoéil || 
observed after trichloroethylene ingestion a 
somewhat slower trichloroacetic acid elimi- 
nation, which he explained by a prolonged 
trichloroethylene resorption from the gastro- 
intestinal tract, its sluggish metabolism being 
toned down by the liver filter. Bardodéj 
and Kyivucova{ found that the amount 
of trichloroacetic acid in the daily urine 
increased with increased liquid intake. The 
same, though attenuated, effect was observed 
after purine diuretics. Pyrazolone antidiuret- 
ics increased trichloroacetic acid concentra- 
tion in urine portions, probably through an 
increased retrograde resorption of water in 
the tubuli. According to Ahlmark and 
Forssman,* at the most two-thirds of sodium 
chloroacetate administered to rats is ex- 
creted, while in man, according to Powell,” 
the quantity is likely to be higher (at least 
two-thirds of the injected amount ). 

In 1949 Butler,* who started by studying 
the metabolism of chloral hydrate,# found 


§ Bardodéj, Z.; Chlumsky, J., and Krivucova, 
M.: Severe Acute Trichloroethylene Intoxication 
in Industry, Casop. lék. éesk. 44:1004-1008, 1955. 

|| Vysko@il, J., and Berka, I.: Trichloroethylene, 
Praha, Statniho Zdravotnického Nakladatelstvi, 
1955. 

{ Bardodéj, Z., and Krivucova, M.: 
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another metabolite of trichloroethylene in the 
form of trichloroethanol and isolated its 
glucuronide from dog urine. Conjugation of 
trichloroethanol with glucuronic acid and 
elimination of the formed urochloralic acid 
are rapid. Trichloroethanol was demon- 
strated in the urine of persons exposed to 
trichloroethylene by Soucek and Vlachova * 
and by Bardodéj, Chlumsky, and Krivu- 
cova.t Increased glucuronide elimination in 
persons exposed to high trichloroethylene 
concentrations was observed by Bardodej, 
Berka, Chalupa, Nesvadba, and Vyskocil.’* 
These investigators suggested also the 
probable formation of monochloroacetic 
acid,’* demonstrated in 1954 chromato- 
graphically by Soucek and Vlachova.t 


URINARY CCl;,COOH EXCRETION 
ind 
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Fig. 1.—Urinary excretion of trichloroacetic acid. 


In the same year Bardodéj and Krivu- 
cova,§ considering the spontaneous decar- 
boxylation of trichloroacetic acid and_ its 
sodium salt in both water solutions and urine 
samples, suggested another metabolite — 
chloroform, occurring in slight amounts. It 
is interesting to note that it was Liebreich ** 
who in 1869 considered chloroform forma- 
tion from chloral hydrate possible and tried 


* Soucek, B., and Vlachova, D.: Further Tri- 
chloroethylene Metabolites in Man, lék. 
6: 330-332, 1954. 

+ Bardodéj, Z.; Chlumsky, J., and Krivucova, 
M.: Severe Acute Trichloroethylene Intoxication 
in Industry, Casop. lék. Gesk. 44:1004-1008, 1955. 

t Souéek, B., and Vlachova, D.: Further Tri- 
chloroethylene Metabolites in Man, Prac. lék. 6: 330- 
332, 1954. 

§ Bardodéj, Z., and Krivucova, M.: Contribu- 
tion to the Question of Further Trichloroethylene 
Metabolites Which Could Give a Positive Fujiwara 
Reaction in Urine, Prac. lék. 7:97-98, 1955. 
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—erroneously—to explain the action of this 
hypnotic on that basis. 


Inasmuch as both trichloroacetic and uro- 
chloralic (trichloroethanolglucuronic ) acids 
are metabolites of trichloroethylene as well 
as of chloral hydrate, Butler® correctly 
thought chloral hydrate an intermediate 
product in trichloroethylene metabolism in 
the body. But he was unable to demonstrate 
it in dogs’ blood after trichloroethylene inha- 
lation. Failure in this experiment was 
experienced also by Bardodéj and Krivu- 
cova || who conducted a similar research on 
human urine. 


Bardodej and Krivucova § did not find any 
additional substances in urine which would 
give the Fujiwara color reaction after acid 
hydrolysis. The ratio of inorganic and or- 
ganic sulfates was not altered after trichloro- 
ethylene inhalation.'* 


We think the following schema the most 
likely explanation of the curious trichloro- 
ethylene alteration in the body. We are still 
unable to decide which of the suggested 
courses is really taken in the body in the 
formation of the unstable 1,2,2-trichloroviny! 
alcohol, the production of which is the most 


|| Bardodéj, Z., and Krivucova, M.: Unpub- 
lished data. 
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probable explanation for the chlorine-atom 
migration. 

Study of the quantitative balance of in- 
haled trichloroethylene in man was con- 
ducted by Teisinger and co-workers '* and 
previously in rats by Ahlmark and Forss- 
man.* Their results coincide in that about 
half of the inhaled trichloroethylene is re- 
sorbed. According to Souéek, Teisinger, and 
Pavelkova, 16% of the resorbed trichloro- 
ethylene is converted to trichloroacetic acid. 
According to the Swedish investigators, the 
amount is from 6% to 16%. Barrett and 
Johnston thought that the quantity of re- 
sorbed trichloroethylene converted to tri- 
chloroacetic acid is 5% to 8%. Forssman 
and Holmquist found in rats 1.2% to 
4.2% of inhaled trichloroethylene changed 
into trichloroacetic acid. Bardodéj and 
Krivucova # thought that in high trichloro- 
ethylene concentrations, and with prolonged 
exposure, the amount of trichloroethylene 
changed into trichloroacetic acid decreases. 
The results of serial studies in industry 
showed the amount of trichloroethylene 
changed into trichloroacetic acid to be about 
5% to 8% of the inhaled quantity.* 
~ # Bardodéj, Z., and Krivucova, M.: 
Tests: 
1955. 

* Bardodéj, Z., and Krivucova, M.: Trichloro- 
ethylene Hazard in Prague Dry-Cleaning Estab- 
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1955. 
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Butler * found in experiments on dogs that 
the amount of trichloroethanol from inhaled 
trichloroethylene is larger than that of tri- 
chloroacetic acid. The results were con- 
firmed in man by Souéek and Vlachova.+ In 
following the quantitative change of chloral 
hydrate in the body, Bardodéj and Krivu- 
cova ¢ found in the urine a 1 : 2 total molecu- 
lar ratio of trichloroacetic and_trichloro- 
ethanolglucuronic acids after a single 0.5 gm. 
dose of chloral hydrate; after higher doses 
the ratio increased to 1: 4. 

Occupational hazards in industrial plants 
using trichloroethylene are estimated by the 
following hygienic measures : 

1. Trichloroethylene vapor determination in the 
air. This serves to ascertain whether or not the 
allowed concentration limit has been passed, thus 
making sure that the decree of the Ministry of 
Health concerning allowable limiting concentrations 


of toxic substances in working atmospheres has not 
been broken. 


2. Trichloroacetic acid determination in the urine 
of employees. This is a means of estimating the 


trichloroethylene concentration in the 
atmosphere. 


average 


3. Determination of the so-called organic chlo- 
rides in urine. We deem this theoretically sounder 
than the trichloroacetic acid determination, as it 
permits one, when the procedure is properly chosen, 
to take into account even the trichloroethanol freed 
from the glucuronide by acid hydrolysis. The pro- 
cedure has one drawback—it is considerably more 
involved than the simple trichloroacetic acid deter- 
mination by the Fujiwara color reaction. 


Procedures under Measures 1 and 2 are 
currently used in our laboratory in the fol- 
lowing modified forms. 


TRICHLOROETHYLENE DETERMINATION IN 
ATMOSPHERE 

Air samples are sucked through two absorption 
vessels with spiral capillaries or else through a 
porous plate of sintered glass filled with 5 ml. of 
pyridine. At a suction rate of 1 liter per 10 min- 
utes, the intake in the first vessel is practically 
quantitative (90%). Colorimetric determination is 
conducted immediately after return to the lab- 
oratory. 


+ Soucek, B., and Viachova, D.: 
chloroethylene Metabolites 
6: 330-332, 1954. 
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Reagents.—Pyridine (analytical grade); 0.05 N 
sodium hydroxide solution. 

Procedure.—Four milliliters of pyridine with the 
absorbed trichloroethylene is pipetted into a test 
tube (or else an aliquot portion of the sample is 
made into 4 ml. with pyridine); 1 ml. of 0.05 N 
sodium hydroxide is added, shaken, and heated for 
15 minutes in a water bath at 70C; then the 
mixture is cooled with cold water, 1 ml. of puri- 
fied water is added, and colorimetric determination 
is conducted with use of the blue filter. The pro- 


duced color remains stable for 15 minutes. 


TRICHLOROACETIC AcID DETERMINATION IN URINE 
Daily urine samples collected at the end of the 
week are taken for analysis. 
Reagents.—Pyridine (analytical 
sodium hydroxide solution. 


grade); 20% 

Procedure.—Two milliliters of urine is pipetted 
into a test tube; 5 ml. of 20% sodium hydroxide 
solution is added, and the mixture is thoroughly 
shaken; 10 ml. of pyridine is next added, and the 
mixture is again shaken until it is milk turbid; the 
mixture is then heated for 15 minutes in a water 
bath at 70C, after which it is cooled with cold 
water. From the pyridine (upper) layer, 5 ml. is 
pipetted into another test tube; 2 ml. of purified 
water is added, mixed, and colorimetric determina- 
tion is conducted with use of the green filter against 
the empty sample processed like the analyzed urine 
which is replaced with 2 ml. of purified water. The 
produced color remains stable for 15 minutes. 

With higher concentrations it is imperative to 
take an aliquot urine sample for the analysis; with 
very low concentrations the colorimetric determina- 
tion is conducted against a urine sample free of 
Fujiwara-positive substance and processed like the 
urine with unknown trichloroacetic acid content. 
Thus, possible interfering effects of urine pigment 
are eliminated. 


The question of trichloroacetic acid con- 
centration ratio in urine and the level of at- 
mospheric trichloroethylene has been studied 
by several investigators. Frant and Westen- 
dorp*® concluded that we may expect 
200 mg. of trichloroacetic acid in urine under 
a maximum allowable concentration (MAC), 
that is to say, 100 ppm (0.53 mg. per liter). 
Elkins '* found 160 mg. and less. Bardodeéj 
and Krivucova § reported that at 0.4 mg. of 
trichloroethylene in 1 liter of air—which is 
the limit concentration in our country— 
employees working in such an atmosphere 

§ Bardodéj, Z., and Krivucova, M.: Exposure 
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excreted about 140 mg. of trichloroacetic 
acid per liter of urine. Taking into account 
the 48-hour working week in our country as 
compared with the 40-hour week in the 
United States and using the Haber relation, 
the burden of employees is about the same so 
far as the standard MAC is observed: 


Czechoslovakia ....... 0.40 x 48=19.20 
U.S. A. (100 ppm). . .0.53 4021.20 


Higher trichloroacetic acid concentrations 
in urine in relation to trichloroethylene con- 
centration in the air are given by Friberg, 
Kylin, and Nystrom '* (at 100 ppm 250 to 
500 mg. of trichloroacetic acid). The authors 
conducted experiments on persons not ex- 
posed continuously to trichloroethylene (five 
days only) ; higher results were also encoun- 
tered in Teisinger’s balance ‘ and in reports 
of Ahlmark and Forssman* whose results 
were arrived at under laboratory conditions. 

Bardodéj and Krivucova || and Elkins *° 
thought the difference in percentage to be 
dependent on trichloroethylene concentration 
in the air. The same relation can partly be 
derived from the paper of Frant and Westen- 
dorp.*® Without doubt individual quantitative 
differences may be noticed in trichloroethyl- 
ene metabolism within certain limits, the 
causes for that being both endogenous and 
exogenous (nutrition, outdoor activity, etc. ). 


In conclusion, we think that, upon finding 
the urine trichloroacetic acid concentration 
to be more than 160 mg. per liter of urine, 
the allowed standard, which is valid for the 
United States and Czechoslovakia, has most 
certainly been overreached. As the concen- 
tration of the noxious element may vary con- 
siderably, even smaller concentrations should 
be regarded as suspicious from the hygienic 
point of view. 

Evaluation of the trichloroethylene hazard 
by way of determination of volatile chlorides 
in urine has not yet been sufficiently devel- 
oped in our country; information regarding 
this point should be sought in the excellent 
monograph of Elkins.’® 


|| Bardodéj, Z., and Krivucova, M.: Exposure 
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Tas_e 1.—Number of Persons Suffering Damage 
to Health in Relation to Urine Trichloroacetic 
Acid Concentration in Urine Aécording to 
Statistics of Ahlmark and Forssman 


Average 
(Theoretical) 
Trichloroethylene 
Concentra- 
tion in Air, 


Trichloroacetie Acid 


Persons with Signs 
Concentration 


of Intoxiea- 


in Urine, Mg.) L. Mg./ L.—Graph 2 tion, No. 
0.05 0 
40-75 0.1-0.19 
lOO 0.25 100 
200 0.50 Medical leave 
advised 
The correlation between trichloroacetic 


acid concentration in urine and the working 
hazard of employees was studied by several 
authors. Ahlmark and 


20 


Forssman found 
very good correlation between the number of 
symptoms and trichloroacetic acid concen- 
tration in urine of employees (Table 1). 
Neither Frant and Westendorp nor we 
were able to confirm these results. 

However, let us use the statistical tables of 
Ahlmark and Forssman and suppose that 
under MAC the exposed persons excrete 
160 mg. of trichloroacetic acid per liter of 
urine; let us further suppose that the change 
in percentage of trichloroacetic acid is inde- 
pendent of trichloroethylene concentration in 
the air, adopting thus a linear relation 
(Graph 2). 

The Table shows clearly that the MAC 
standards are too liberal. From Graph 2 we 
may see that the hygienic limit of 20 mg. of 
trichloroacetic acid determined by Ahlmark 
and Forssman *° involves the concentration 
of 0.05 mg. of trichloroethylene per liter of 
air, this being the highest allowable concen- 


CCl, COOH IN URINE 


3 
> 

3 

3 


Fig. 2.—Relation between the trichloroethylene 
content of the air and the trichloroacetic acid con- 
tent of urine. 
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letin NSP-101.*! 

But we think that the good correlation ob- 
served by Ahlmark and Forssman *° between 
trichloroacetic acid concentration and the 
working hazard does not warrant a generali- 
zation for purely theoretical reasons. 

The acute narcotizing effect is given by the 
relation where E is the effect and c is the 
E=F(c) 
concentration, but in assay of chronic effect 
on the nervous system, a state typical of tri- 
chloroethylene, we must not lose sight of the 
time effect (ft) of the noxious element and 
of the Haber relation ** 
th 


E=j (c) dt 


The remarkable sleepiness observed by us 
in most employees can partly be attributed 
to the trichloroethanol formed during work 
with trichloroethylene. 

In a preceding paper '* we reported as one 
of the most characteristic intoxication signs 
an intolerance toward alcohol. We think 
that explanation for this effect, described in 
the case of other industrial poisons (toluene, 
calcium cyanamide, and carbon monoxide) as 
well, may be sought in attenuation of the 
oxidation systems by trichloroethylene itself 
and its metabolism (e. g., oxidation of chloral 
hydrate to trichloroacetic acid {). 

The response to alcohol in persons work- 
ing with trichloroethylene being similar to 
that in persons treated with tetraethylthiu- 
ramdisulfide, we suggest that here also acet- 
aldehyde evolved from alcohol exerts its 
influence, probably upon the acetylcholine 
mechanism. The alcohol-disulfiram (Anta- 
buse) response may be suppressed by atro- 
pine administration, and this fact is in favor 
of the suggested mechanism.# Inhibition of 
tissue respiration leads to increased trichloro- 
ethanol production, the result being increased 
sleepiness. And we find both these systems, 
sleepiness and alcohol intolerance, very often 


{ Bardodéj, Z.; Krivucova, M., and Pokorny, 
F.: An Attempt to Find a Biochemical Explanation 
of Intolerance to Alcohol in Trichloroethylene 
Intoxication, Prac. lék. 7:263-267, 1955. 

# Bardodéj, Z.; Krivucova. M., and Skala, J.: 
Unpublished data. 
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side by side. Intolerance to alcohol eventu- 
ally disappears when work has been discon- 
tinued. 

Bardodéj, Krivucova, and Pokorny * 
found also that tetraethylthiuramdisulfide in- 
creases intoxication signs in experimental 
animals after inhalation of trichloroethylene. 

Liver damage from trichloroethylene was 
not observed in our country, perhaps owing 
to the high purity of the product which 
observes the standard set by the British 
Pharmacopoeia. The starting material for 
making trichloroethylene may be tetrachloro- 
ethane or other agents. We agree with 
Elkins ** that liver changes reported by other 
investigators may be due to these other 
agents. 

Trichloroacetic acid in the form of salt is 
a practically nontoxic substance; the lethal 
dose (L. D.59) for the rat is 3 to 5 gm. per 
kilogram of body weight.* Morrison ** gives 
the lethal dose of sodium monochloroacetate 
for the mouse as 165 mg. per kilogram of 
body weight. Bardodéj, Krivucova, and 
Pokorny,+ experimenting on dogs, arrived at 
similar relative values. 

The potential capacity of the organism 
for changing trichloroethylene into trichloro- 
acetic acid seems, therefore, of advantage to 
the host. 

Precise biochemical methods for the evalu- 
ation of the systemic effects of trichloroethyl- 
ene exposure are still lacking. We prefer to 
maintain systematic atmospheric controls of 
our industrial plants and to use preventive 
measures rather than to spend time develop- 
ing new methods of laboratory research. Any 
case of chronic intoxication which might 
occur is entrusted to the care of the neu- 
rologists. 

PART II 


Several of the biological effects of trichlo- 
roethylene were discussed in the first part of 
this communication. With some of the vola- 


* Bardodéj, Z.; Krivucova, M., and Pokorny, F.: 
An Attempt to Find a Biochemical Explanation of 
Intolerance to Alcohol in Trichloroethylene Intoxi- 
cation, Prac. lék. 7:263-267, 1955. 


+ Bardodéj, Z.; Krivucova, M., and Pokorny, F.: 
Unpublished data. 
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tile organic solvents, acute intoxication is 
characterized by two pathological stages: 
(1) the direct effect of the noxious element 
upon nerve tissue (narcosis) and (2) the 
effect of changes the substance undergoes in 
the body, accompanied often by liver, kidney, 
and blood-production damage. With trichlo- 
roethylene the first stage is the most striking, 
namely, the lipid solvent effect upon nervous 
tissue. Death following  trichloroethylene 
inhalation has often been described, the 
immediate cause of death being respiratory 
failure or primary cardiac failure. In acute 
intoxication psychically abnormal response is 
observed. In psychopathic persons with hys- 
teric inclination, the acute trichloroethylene 
intoxication provokes hysterical reactions. 
Upon recovery only some residual signs of 
damage to the pyramidal system remain. We 
had a patient who attempted suicide by tri- 
chloroethylene inhalation: she suffered cen- 
tral hemiparesis, which subsided within sev- 
eral days, and after six weeks only a stronger 
bicipital reflex was to be observed.** 

In chronic industrial intoxication the effect 
upon the nervous system is the most impor- 
tant. Borbély ** describes the incipient stage 
of chronic trichloroethylene intoxication as a 
toxic encephalosis, a severer stage as an 
organic psychic syndrome, and the severest 
as a toxic Korsakoff psychosis. Next to the 
damage to the brain cortex, other systems 
may be affected—the vegetative, pyramidal, 
and extrapyramidal motor systems, the 
cerebellar vestibular system, and the periph- 
eral nervous system. Diffuse toxic degenera- 
tion of nerve tissue and even patch-like 
changes resulting from small vessel spasm 
have been suggested. 

Among cardiovascular changes, vasomotor 
changes of central origin were often reported, 
especially a low blood pressure. The heart 
may be damaged by changes in the muscle 
and conduction disturbances. Several cases 
of angina pectoris have been reported. 

Besides the narcotic effect, a local irrita- 
tion may be observed of conjunctivae and the 
respiratory tract through the influence of tri- 
chloroethylene vapors; in massive intoxica- 
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tion the result may be lung edema. In sev- 
eral cases the lung edema may have been 
due to phosgene evolving upon contact of 
trichloroethylene with hot objects, but we 
observed lung edema in a person who inhaled 
only pure trichloroethylene. 

Liquid trichloroethylene leaves burn-like 
marks on the skin. 

We think it useless to discuss the contro- 
versial opinions about liver and blood dam- 
age, as well as the selective effect of trichlo- 
roethylene upon the trigeminal nerve, found 
scattered in the literature ; we never observed 
any of these and consider them isolated, 
accidental, and interesting rather than typi- 
cal. Interesting observations, with copious 
references, were published recently in the 
A. M. A. Archives of Industrial Hygiene 
and Occupational Medicine by McBirney ** 
and by Kleinfeld and Tabershaw.** 

Our object has been (@) to ascertain to 
what degree the clinical picture of chronic 
trichloroethylene intoxication is dependent 
upon the concentrations found in the working 
atmosphere; (>) to evaluate the Fujiwara 
reaction for trichloroacetic acid in urine and 
its relation to the degree of damage; (c) to 
follow the course of the intoxication parallel 
with individual exposure intervals, and (d) 
to find out to what degree the injury after 
chronic exposure might be reversible. To 
this purpose we examined 75 persons en- 
gaged in work with trichloroethylene, their 
exposures varying from half a year up to 
25 years; they were employed in different 
plants in our district.t Of these 75 persons, 
12 worked in dry-cleaning establishments, 
and 55 were engaged in degreasing metal 
parts. The atmospheric concentration of tri- 
chloroethylene in these plants varied between 
0.028 and 3.4 mg. of trichloroethylene per 
liter of air. We also followed clinically the 
health of eight persons who were disabled 
and out of work for some time. 


In analyzing the clinical picture of employ- 
ees working with trichloroethylene, we took 
special notice, first, of the prenarcotic stage, 
whose intensity is dependent upon the tri- 


t References 12 and 28. 
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chloroethylene concentration in the air, and, 
second, of the specific toxic effects resulting 
from exposures of longer duration. 

The prenarcotic symptoms oftenest en- 
countered were headache, sleepiness, a drunk- 
en feeling, nausea, and tinnitus. Signs of 
local irritation were cough and lacrimation. 
At first trichloroethylene acts euphorically, 
with work being done in a convivial spirit 
accompanied by song. 

Later, signs and symptoms of longer dura- 
tion were seen and varied with the amount 
of trichloroethylene absorbed—evidence of 
damage to the vegetative nervous function 
of certain organs; some of these signs and 
symptoms persisted after quitting. They con- 
sisted of intolerance to heat and sunlight, hot 
flushes, perspiration, exaggerated heart beat, 
respiratory difficulties, reddening of the skin 
after mechanical or heat insults, intolerance 
to alcohol, and a strongly positive direct der- 
mographism. Respiratory difficulties and 
palpitations after imbibing alcoholic drinks, 
cold hands, and direct dermographism were 
the commonest signs and symptoms. Exam- 
ination of the histamine blood level revealed 
no abnormalities even after alcohol adminis- 
tration.’* 

Vegetative disturbances after alcohol in- 
gestion are most likely due to changes in 
But as we found the 
intolerance toward alcohol dependent not 
only upon the atmospheric concentration of 
trichloroethylene but also upon the duration 
of work, and as it persists after quitting the 
job, we believe the mechanism of this dis- 
turbance to be more complex, entailing per- 
haps damage to the diencephalon. 


alcohol metabolism.?° 


In addition to damage to the vegetative 
nervous system, signs and symptoms of dam- 
age to the rest of the central nervous system 
are evident—headache, irritability, emotional 
lability, loss of psychic control, increased 
uneasiness, easy fatigability both mental and 
physical, loss of sleep, fine quick tremor and 
stronger intention tremor, giddiness, shun- 
ning of society, loss of former interests, per- 
sonality changes, emotional distress with 
weeping, apathy, depression, loss of memory, 
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and anxiety states. We shall refer to these 
as the neurasthenic syndrome of exogenous 
origin and degree. 

Some of these signs and symptoms were 
present in some persons before their expos- 
ure to trichloroethylene; these persons suf- 
fered the ensuing damage more readily and 
to a higher degree than persons who were 
healthy and emotionally stable beforehand. 
Increased drowsiness was noted in all pa- 
tients; some fell asleep upon return from 
work and slept through the whole night. Dis- 
continuance of work, even for one day, caused 
loss of sleep. Several employees interrupted 
their leave to get some trichloroethylene, 
without which they were unable to sleep 
at all. 

The history of almost 50% of the employ- 
ees absent for an average of one year revealed 
drug addiction. This fact was verified upon 
finding trichloroacetic acid in their urine. 

Neuropsychic balance was examined by a 
test for active optical attention according to 
Chalupa **; the influence of trichloroethylene 
showed itself by oscillations of the attention, 
which were different from those of normal 
persons. 

Close attention was paid to decreased po- 
tency, a very common complaint. To deter- 
mine whether the gonads were damaged 
primarily or whether the central nervous 
system was involved, serial neutral 17-keto- 
steroid determinations were made, but the 
decreased values found were not statistically 
significant. The decreased potency may be 
attributed to damage to the central nervous 
system, although increased sleepiness may 
play a part. A rather large percentage of the 
women suffered disturbances of the menstrual 
cycle. 

In examining the peripheral nervous sys- 
tem, we found very often perineuritis, espe- 
cially in the brachial plexus and in the first 
division of the fifth cranial nerve. Optical 
nerves were unchanged, but damage to the 
function of eye muscles was encountered in 
two patients. 


Damage to the pyramidal and extrapyram- 
idal systems was very slight; we saw fleet- 
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ing pyramidal symptoms in persons who gave 
a history of acute trichloroethylene intoxica- 
tion. Increased axial reflexes were found in 
several persons but mostly in those above 
45 years of age, where the possibility of 
arteriosclerotic damage to the basal ganglia 
could not be ruled out. 

The above-mentioned neutral 17-ketoster- 
oid determinations served also to insure the 
production of adrenal N-corticoids as nor- 
mal. The Thorn test was done on all 
patients after administration of 0.3 mg. of 
epinephrine (Adrenalin). Pathological find- 
ings, e. g., a decrease of peripheral eosino- 
philes not reaching 50%, were noted in 16% 
of the persons examined. Following corti- 
cotropin (25 mg.) administration, a normal 
eosinophile level was observed in all persons. 
Since we regard the Thorn test after the 
administration of epinephrine significant for 
the function of the system—brain cortex- 
hypothalamus-hypophysis-adrenal cortex, ab- 
normal results noted here must be due to 
damage to either the brain cortex or the 
hypothalamus. Results of the Thorn test after 
epinephrine administration were abnormal in 
five out of nine persons disabled because of 
chronic trichloroethylene intoxication. But 
the number of pathological results—16%— 
was, on the whole, small. 

Vyskoéil found considerably more abnor- 
mal results—59%—in persons working in an 
atmosphere contaminated with carbon mon- 
oxide after examination by the Thorn test 
following administration of epinephrine. 
These results were 26% in the case of per- 
sons working in hot surroundings and 12% 
in silicotics.§ 

The examination of other organs revealed 
a polycythemia, in which the erythrocyte 
count was above 5,250,000 in 10% of the 
patients. This may be explained by a com- 
pensatory response of the organism to anoxia 
rather than to toxic irritation of the bone 
marrow. However, the hemoglobin, hema- 
tocrit, and erythrocyte volume and color 


§ References 29 and 30; Vyskodil, J.: Endocrine 
Picture in Acute and Chronic Carbon Monoxide 
Intoxication, Sborn. lék. 58:41-52, 1956. 
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concentration in all these cases were normal. 
Leucocyte and differential counts were nor- 
mal in every instance. 

Current clinical and laboratory tests for 
the function of the liver, kidney, and gastro- 
intestinal tract failed to reveal any abnormali- 
ties (MacLegal thymol turbidity test, Welt- 
mann and Takata-Ara test). But we found 
that persons with preexisting liver disturb- 
ances were very susceptible to the effects of 
trichloroethylene and developed various 
symptoms of intoxication, because of which 
they had to discontinue work with trichloro- 
ethylene. Bardodéj and Krivucova || found 
positive urorosein reaction in the urine of 
50% of all employees working with trichloro- 
ethylene. The glutathione level was within 
normal limits. 


The examination of the cardiovascular 
system revealed, besides the vasomotor 
changes already mentioned, bradycardia 


(below 60 beats per minute) in 26 patients, 
especially those with longer working history. 
This may be due to increase of the vagus 
tone. The same cause may underlie the ori- 
gin of observed supraventricular extrasys- 
tole. Among persons working with trichloro- 
ethylene for a time, we found 
conduction disturbances; in two instances 
it was the left Tawara branch block, in one 
a 3:2 Wenckenbach period and shortening 
of the PO and WPW. Heart muscle dis- 
turbances were found by electrocardiograph 
examination in three persons. 


longer 


Very common were complaints of bronchial 
catarrh and conjunctivitis and of pains in 
the joints and muscles, receding after a 
considerable absence from exposure. 

Direct correlation of any of these signs 
and symptoms and trichloroethylene exposure 
was found only in the prenarcotic signs and 
symptoms which occurred to a greater degree 
at higher concentrations (Table 2). 

Correlation with duration of exposure gave 
statistically significant results (P<0.01), 


|| Bardodéj, Z., and Krivucova, M.: Trichloro- 
ethylene Hazard in Prague Dry-Cleaning Establish- 
ments, Cs. hyg. epid. mikrob. immun. 4:90-94, 1955. 


589 


ix. 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


TABLE 2.—Comparison Among Workshops of Damage to Health of Employees 


Workshop Dry Degreasing of Metal Parts Absent from 
Cleaning — ——, Work 
Trichloroethylene Concentration 0.16-3.4 0.54-0.83 0.028-0.055 One Year 
in Air, Mg./L. _« Il, 
Sleepiness ... ll 58% 2 69% 1 12% 
2 16% 3 16% 6 17% 1 12% 
11 92% 7 891% 12 38% 2 2% 
6 50% 11 58% 2 33% 2 25% 
Decreased sensitiveness of hands 6 50% 3 16% 2 5% 5 = 62% 
2 W% 7 46% 0 0 4 50% 
Menstrual disturbances 1 2 W% 7 27% 
Of 10 8% 5 8 2% 6 15% 
» 9 47% 22 «61% 7 87% 
Neurasthenie syndrome 3 5 26% 9 1 12% 
Severer neurasthenic syndrome with anxiety states..... 2 16% 1 5% 0 ” 5 62% 
Bradycardia (below 60 beats/min.)................cceeees 4 38% 8 42% 6 16% 2 26% 
Conduction disturbance (electrocardiograph)............ 1 8% 3 16% 1 8% 1 12% 
Heart muscle disturbance (electrocardiograph).......... 1 8% 1 5% 1 38% 0 0 
Histamine substances (mg./100 ec.), arith. mean........ 2.16 1.98 2.04 2.15 
Thorn test in per cent of eosinophile decrease.......... 75% 4% 
Tape 3.—Dependence of Health Damage Upon Length of Exposure 
Duration of Exposure to One Year Two Years Nine Years Ten Years 
Trichloroethylene and Less and Less and Less and More 
tests 14 78% 10 55% 1 538% 9 45% 
suk 5 28% 3 17% 7 87% 4 20% 
1 6% 4 22% 7 387% 2 10% 
1 6% 6 38% 7 37% 7 35% 
° 6 33% 5 28% 10 58% ll 55% 
6 33% 7 39% 8 42% 10 50% 
cae 3 17% 7 39% 9 47% 10 
> 5 2% 3 17% 12 68% 4 70% 
+ Decreased sensitiveness of 2 11% 2 11% 4 2% 8 40% 
1 6% 0 0 5 10 50% 
copes 1 14% 0 0 3 20% 9 45% 
11 61% 9 50% 15 79% “4 70% 
3 17% 6 33% 6 31% 3 15% 
x Severer neurasthenic syndrome with anxiety states..... 0 0 0 0 1 5% 7 35% 
x Bradyeardia (below 80 beats/min.)................0..00005 3 17% 2 11% | 37% 8 40% 
Conduction disturbance (electrocardiograph)............ 0 0 1 6% 1 5% 4 2% 
Heart muscle disturbance (electrocardiograph).......... 0 0 1 6% 0 0 2 10% 
5 28% 6 33% 6 31% 8 40% 
Histamine substances (mg./100 ce.), arith. mean........ 1.9% 2.04 2.18 2.0 
Thorn test in per cent of eosinophile decrease.......... 64% 67% 6% 4% 


Correlation of symptoms marked with + upon length of exposure as calculated with \? reached the significance of 
P < 0.05 and of symptoms marked with x, the significance of P < 0.01. 
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with signs and symptoms of more permanent 
character—intolerance to alcohol, shivers, 
giddiness, neurasthenic syndrome with anxi- 
ety states, bradycardia, and conduction dis- 
turbance in the heart muscle (Table 3). A 
strikingly severe syndrome was found in 
eight persons, appearing in one of them after 
a 3-year exposure and in the rest after an 
exposure of more than 10 years. 


About one year after a patient quits work 
with trichloroethylene, the symptoms of 
vasomotor disturbance, bradycardia, and 
conjunctivitis tend to disappear, while bron- 
chitis and disturbances of the central nervous 
system and heart muscle conduction continue. 

As to the dependence of the amount of 
excreted trichloroacetic acid upon the degree 
of injury to the patient, we were unable to 
find anything definitive. The amount of 
trichloroacetic acid in the urine only shows 
the degree of exposure to trichloroethylene 
vapors within a short time before the exam- 
ination, and even this relation varies in the 
same person, 

In permanently disabled persons, with the 
exception of drug addicts, we found almost 
no trichloroacetic acid in the urine, while 
signs of intoxication were undoubtedly 
present. 

The results of our investigation show the 
allowed trichloroethylene concentration to be 
too high, as upon that threshold trichloro- 
ethylene acts toxically. We should advocate 
setting the MAC at 0.2 mg. per liter. Only 
in workshops with trichloroethylene concen- 
tration around 0.05 mg. per liter were em- 
ployees free of the more serious symptoms. 


PART III 


The prevention of trichloroethylene intoxi- 
cation lies with the engineer and depends 
largely upon the discipline of the employees. 
Hermetic sealing of the apparatus and care- 
ful manipulation can prevent the escape of 
trichloroethylene vapors. Trichloroethylene 
has many excellent properties which make its 
use in industry desirable, but one must never 
forget that it is a powerful anesthetic. 

Persons working with trichloroethylene 
should take care not to come into direct 
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contact with it (in the liquid form) and 
should observe hygienic rules, especially in 
cleaning che apparatus and in opening it, as 
these points are the source of most acute 
accidents, 

The protective influence of outdoor activi- 
ties was found to be statistically significant 
(P<0.01). Sportsmen used to exercise in 
the open air suffered less damage to their 
health, as they were able more effectively 
to get rid of the noxious vapors by exhalation 
and to aid their elimination by oxidation. A 
similar protective influence was found in 
protein-rich food, which proved to be of 
statistical significance (P<0.01)."* 

In seriously affected persons the admin- 
istration of vitamins of the B group (thia- 
mine, lactoflavin, nicotinamide) and of as- 
corbic acid was found helpful. 

Work with trichloroethylene is unsuitable 
for persons with any neurologic or cardiac 
abnormalities, persons psychically unstable, 
those suffering from hypotension, bronchitis, 
or undernourishment, alcoholics, pregnant 
women, and women with menstrual irregu- 
larities. 

SUMMARY 


When proper hygienic rules are observed, 


trichloroethylene appears less dangerous than 
other solvents. 


Trichloroethylene is above all a nerve 
poison. The most important signs and symp- 
toms of chronic intoxication are intolerance 
to alcohol, tremors, giddiness, neurasthenic 
syndrome with anxiety states, bradycardia, 
and conduction disturbances in the heart 
muscle. 

We think the highest allowable trichloro- 
ethylene concentration in the air (0.4 mg. per 
liter for Czechoslovakia, 100 or 200 ppm for 
U. S. A.) too liberal and advocate a lower- 
ing to 0.2 mg. per liter in Czechoslovakia, 
better still to 0.05 mg. per liter. 

We think that the finding of 160 mg. of 
trichloroacetic acid in a liter of urine indicates 
that the MAC has been exceeded, and that 
even lower values do not exclude that 
possibility. 

The employees should take care to get 
sufficient exercise in the open air, as this 
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aids exhalation of the noxious vapor and 
supports oxidation. The administration of 
vitamins of the B group and of ascorbic acid 
has proved useful. Food rich in proteins 
helps persons threatened with intoxication. 


Obranska 127, Brno 14 (Dr. Vyskoéil). 
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The sodium salt of dinitroorthocresol 
(DNOC) has been used agriculturally for 
a variety of purposes. As a fungicide it has 
been used as a so-called ‘“‘eradicant” spray 
to kill spores during the dormant season. It 
has proved quite effective as a weed killer. 
It has been used as an insecticide against 
a variety of pests, including mites, where 
it serves as an ovicide as well as an adulti- 
cide, and locusts. It is finding increasing use 
in apple orchards as a means of chemically 
thinning blossoms. 

Though the Food and Drug Administra- 
tion’ has set a zero tolerance for DNOC 
as a residue on raw agricultural produce and 
the U. S. Department of Agriculture * has 
insisted on a poison label on agricultural 
formulations of it, nevertheless, farmers, 
fieldmen, and insecticide salesmen in this 
country have commonly considered it to be 
one of the safer materials as compared, for 
instance, with the organic phosphorus in- 
secticides. This reassuring attitude is in 
sharp contrast to views held in Europe, 
where there have been a number of deaths 
among spray operators who were applying 
this material. The pattern of one or two 
deaths each year over a period of several 
years is remarkably similar to the record 
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for organic phosphorus compounds in this 
country. Six of the eight cases reported by 
Bidstrup and Payne * are particularly inter- 
esting, since they involved no accident, 
gross carelessness, or other massive acute 
exposure immediately preceding death. 
sach illness followed at least two 
weeks of chronic exposure with few, if any, 
notable incidents. This is in direct contrast 
with deaths from parathion or tetraethyl 
pyrophosphate, which have characteristically 
followed a single massive dose usually re- 
sulting from accident or gross carelessness 


and frequently without significant previous 
exposure. 


Rather, 


The intensive use of DNOC or its sodium 
salt in local areas in this country over short 
periods of time has resulted in persistent 
yellow stains on the hair, hands, and feet of 
many workers but has apparently produced 
no more serious consequences. It was there- 
fore felt desirable to study exposure to the 
sodium salt under conditions in which it is 
used as a chemical blossom thinner in the 
Wenatchee Valley of Washington. The ob- 
ject of this study was to determine whether 
or not a serious health hazard existed under 
conditions of use in this area. 

The material most commonly used for 
blossom thinning in the Wenatchee Valley 
is a slurry containing 19% of the sodium 
salt of dinitroorthocresol, 5% of sodium butyl 
naphthalenesulfonate, and 2% of sodium 
chromate, together with small amounts of 
sodium chloride and sodium sulfate. The 
standard recommendation is to apply 1 to 2 
gal. of this concentrate per acre in 500 to 
1200 gal. of water, depending upon the spray 
equipment used. The timing of the application 
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is rather critical, and it is unusual for any 
one operator to use this material for more 
than five days or for more than six hours 
on any one day. The timing of the spray must 
coincide with peak bloom or fall within a 
very few days thereof, which means the dates 
in the Wenatchee Valley are usually within 
two weeks of May 1. The temperatures of 
the Wenatchee Valley vary greatly in dif- 
ferent locations, and there is a very wide 
fluctuation at any one station, with a recorded 
range for April and May of 21 to 96 F. The 
average daily maximum for April is 59 F, 
and that for May is 66 F. The corresponding 
average minima are 37 and 44 F. The hu- 
midity is generally very low, though occa- 
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color of the extractant was read in a Model 
B Beckman spectrophotometer at 370 mp 
and compared with a standard curve. The 
results of these analyses, as presented in 
Table 1, indicate an average dermal con- 
tamination of 63.2 mg. per hour of exposure, 
assuming that the operator wore a shirt with 
short sleeves and an open collar and that he 
wore no hat or gloves and assuming further 
that his clothing gave complete protection of 
the area covered. Respiratory exposure was 
estimated by analyzing the filters from MSA- 
type respirators worn during one or more 
complete cycles. The average for 74 respirator 
samples was 0.4 mg. per hour of exposure. 
Thus, the respiratory exposure appears to be 


Tape 1.—Dermal Exposure to Na-DNOC per Hour of Spraying 
Calculated on Basis of Short Sleeves, No Gloves, and Open Neck 


Total 

Pad Caleulated 

Recovery, Exposure, 

Unclothed Location Pads Ana- Body Area, Mg./Sq. Mg./Body 

Body Part of Pads lyzed, No. Sq. Ft. Ft./Hr. Part/Hr. 
Face Shoulders 76 0.70 20.3 14.2 
Hands Forearms | 76 0.87 20.9 18.2 
Forearms Forearms : 1.30 20.9 27.2 
Back of neck Back of neck 74 0.12 16.3 2.0 
Front of neck Front of neck 74 0.16 9.9 16 

“V" of chest 


sional rains are encountered. Since rain 
within 48 hours of spraying with Na-DNOC 
does considerable damage to foliage, some 
effort is made to avoid spraying when rain 
seems imminent. Rather strong, drying winds 
are common, but spraying is halted at any 
time that the wind rises appreciably. 


METHODS AND RESULTS 


An estimate of dermal exposure was ob- 
tained by exposing absorbent pads on fore- 
arms, shoulders, thighs, and back and front 
of the neck of the operators during one or 
more complete spraying cycles. The proce- 
dure has been reported in detail in connection 
with its use in estimating parathion expo- 
sure.* The pads were then extracted with 
water in a Soxhlet apparatus until no color 
was visible in the pad. The intensity of the 
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less than 1% of the dermal 
negligible. 


and should be 


To provide an estimate of the quantity of 
Na-DNOC actually absorbed by the spray 
operators, urine samples were collected at 
various intervals before, during, and after 
the exposure period and analyzed using the 
procedure described by Parker.* Of 183 urine 
samples analyzed, only 5 contained as much 
as 0.5 ppm of the sodium salt (the lower 
limit of sensitivity of the method). These 
five samples contained from 0.6 to 1.3 ppm 
of Na-DNOC, with an average of 0.8. Harvey 
and associates ° found detectable amounts of 
DNOC in the urine of all five volunteers in 
the first specimen passed after ingestion of 
a 75 mg. dose of the toxicant. They reported 
little correlation between DNOC concentra- 
tion in urine and that in blood. The excretion 
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of DNOC in urine was found by the above- 
mentioned authors to vary between 1 and 
2 ppm following a 75 mg. dose. 

In an effort to find a more sensitive esti- 
mate of DNOC absorption, blood samples 
were drawn from several of the operators 
whose exposure was of exceptionally long 
duration, within 24 hours of their last expo- 
sure and again one or two weeks later, but 
in any event before any subsequent exposure 
to parathion or other pesticide that might 
interfere with the analysis. The plasma 
fraction of these bloods was extracted and 
analyzed by the same technique used for 
urine. Blood samples taken from persons 
who had no known exposure to pesticides 
were similarly treated and used for blank 


TasLe 2.—Concentration of Na-DNOC Found in 
Plasma of Spray Personnel at Intervals 


After Last Exposure’ 


Approx. Cone, of Na-DNOC in Plasma, Ppm, 
Total Days After Last Exposure 
Case Exposure, ————— 
No. Hr. 7 11 
1 45 2.2 
2 35 2.5 4.3 pe 
3 35 4.0 2.3 <10 
4 35 14 3.3 2.7 
5 10 1.6 
6 5 24 


determinations. The results of these analyses 
are presented in Table 2. The highest con- 
centration observed was 4.3 ppm. 


COMMENT 


Harvey and his associates * showed that 
daily oral doses of 75 mg. of DNOC produced 
blood levels in human volunteers from 15 to 
20 ppm after three to five days. After this 
range of concentration had been reached, 
additional doses caused temporary increases 
of concentration which frequently were asso- 
ciated with symptoms and which, on one 
occasion, reached a level of 48 ppm. The 
sane authors presented a few cases involvy- 
ing experimental dermal dosage with Na- 
DNOC, which clearly demonstrated absorp- 
tion and which appeared consistent with 
the findings from animal experiments that 


DNOC is absorbed less readily through the 
skin than through the alimentary or respira- 
tory tracts. 

The average measured dermal exposure 
reported in this paper is 63.2 mg/hr., and 
the corresponding value for respiratory 
exposure is 0.4 mg/hr. It appears premature 
to speculate on the relation between these 
dosages and the oral dosages used in the 
study of volunteers except to state that our 
observations are consistent with the conclu- 
sion that DNOC is absorbed less readily 
through the skin than through the gastroin- 
testinal tract. Certainly the highest DNOC 
blood level (4.3 ppm) observed following oc- 
cupational exposure was lower than 20 ppm 
which the work of Harvey and his associates 
suggests is near the critical level. No symp- 
toms were reported in any of the subjects in 
the Wenatchee Valley. 

Bidstrup and Payne state that it is the 
custom for men spraying cereal crops with 
DNOC for weed control in Great Britain 
to work long hours. The stock solution re- 
ported to be used in Great Britain contained 
up to 50% DNOC as compared with a 
standard 19% Na-DNOC used in the We- 
natchee Valley. The dilute spray reported to 
be commonest in Great Britain contained 
0.5% to 0.8% DNOC, though one of the 
fatal cases used 2% and two of the others 
used 0.8% to 1.25% material in their spray 
tanks. In the Wenatchee Valley the recoin- 
mended dilute spray is 0.02% to 0.04%. 
Three of the fatal cases reported from Great 
Britain had applied from 900 to over 1500 Ib. 
of actual DNOC during the season in which 
their deaths occurred, whereas the largest 
amount of actual DNOC known to be applied 
by any one spray operator in the Wenatchee 
Valley during one season was 50 to 100 Ib. 

Thus, in contrast to England, where 
DNOC has proved a hazard, the use of 
DNOC in the Wenatchee Valley appears to 
involve shorter working hours, more dilute 
stock solutions, more dilute spray solutions, 
and the application of much less of the com- 
pound during a season by any one worker. 
The measured exposure to DNOC of spray 
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operators in the Wenatchee Valley and their 
urinary and blood levels of the compound 
indicated that these operators are not subject 
to a significant hazard in connection with the 
recommended use of DNOC for thinning 
blossoms. 
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INTRODUCTION 


Studies of inhalation toxicities of aerosols 
often require knowledge of the degree to 
which particulates penetrate the nasal pas- 
sages of experimental animals. C. N. Davies * 
has studied the nasal penetration of 0.4m to 
12.02 droplets of a commercial oil of 
low volatility (Apiezon) 
thetized rabbits. 


in living anes- 
Our report presents the 
results of a study done on dead animals 
(rabbits, dogs, and guinea pigs) with drop- 
lets of triphenyl phosphate of 1.34 and shows 
how, under the conditions of the experiment, 
nasal penetration varies among these species 
because of anatomical differences and how 
it is influenced by wind direction. Dead ani- 
mals or the heads of dead animals were used 
in these studies in an effort to overcome 
experimental difficulties resulting from nasal 
and salivary secretions, swallowing, and gag- 
ging in the case of dogs. The use of dead 
material had further advantages in that the 
heads could be held in the required position 
for long intervals, and it allowed the use of 
heads when the whole animal was too large 
to be suited aerodynamically to the wind 
tunnel where exposures took place. 


PROCEDURE 


General Procedure and Equipment.—The 
general procedure was to expose freshly 
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killed animals, or their heads, one at a time 
in a wind tunnel to a slow (2.5 mph) uni- 
form flow of aerosol-laden air. The aerosols 
of triphenyl phosphate had a density of 1.2 
gm/cm.* and a diameter of approximately 
1.3. Such particles have small inertia and 
would be expected to follow the air stream. 
A sample of air was taken that had passed 
through the nose, and simultaneously a sam- 
ple of the free air stream in the wind tunnel. 
The ratio of the concentration of the effluent 
aerosol to that of the influent aerosol was 
defined as nasal penetration. In the study of 
the effect of species variation, the noses were 
pointed upstream; in the study of the effect 
of wind direction, the noses were pointed 
across stream and downstream. The Figure 
is a schematic drawing showing the arrange- 
ment of the experimental equipment. 

The aerosol was generated by two Sinclair- 
La Mer generators (A in Figure) and 
introduced into the wind tunnel at ports B, 
one at each side near the entry cone. The 
tunnel, 22 ft. long, was designed to produce 
uniform velocity and uniform aerosol con- 
centration in the exposure area of the work- 
ing section. The wind velocity reading on a 
Hastings Precision Airmeter was constant at 
2.5 mph, and a survey of the exposure area 
showed a flat velocity profile over a central 
area approximately 914 in. square. A survey 
of aerosol concentration was made in the 
plane of exposure by sampling at eight dif- 
ferent stations. The ratios were computed 
between the concentration of each station and 
that of the center of the plane. The standard 
deviation among these ratios was found to 
be less than 6% of the mean ratio, indicating 
that the uniformity of concentration was bet- 
ter than usually found in exposure chambers. 
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G MANOMETER 


EXPERIMENTAL ARRANGEMENT 


A cascade impactor placed in the working 
section was used to determine particle size; 
the median mass diameter (MMD) was 1.3p, 
with 84% of the mass less than 1.7 and 
95% less than 2.3u. Triphenyl phosphate 
was chosen because the material produced 
nonhygroscopic spherical particles. It was 
determined by a colorimetric method devised 
by Conaway.* Three micrograms of the mate- 
rial was represented by one scale division on 
a Klett-Summerson colorimeter. 


The sampler (C in Figure) used to deter- 
mine the concentration of the aerosol flowing 
into the nares was nacelle-shaped, with an 
orifice one-half inch in diameter and with the 
filter paper inserted one-half inch from the 
edge of the orifice. This sampler was placed 
in the free stream in the tunnel and was 
operated isokinetically. The sampler (F in 
Figure) used for the effluent air stream from 
the nasal passages was cylindrical, with an 
orifice one-half inch in diameter and with 
the filter paper placed about one inch from 
the orifice. This sampler was connected to 
the trachea, so that the air stream being 
drawn through the nares and the nasal pas- 
sages also flowed through the sampler. It 
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operated anisokinetically at a steady * flow 
which insured at the nares the average air 
velocity that obtains during one inspiration 
of a normally breathing animal. The flows 
used for the rabbit and the guinea pig, based 
on values of minute volumes obtained by 
Guyton,* were 1.6 liters per minute and 0.69 
liter per minute, respectively. The flow used 
for the dog, based on work done in this 
laboratory, was 6 liters per minute. 


The per cent penetration was computed as 
C/C,X 100%, where C, was the concentra- 
tion of the aerosol coming into the nasal 
passages and C was that which had passed 
through the nasal passages. Concentrations 
were determined in the usual way as M/V, 
where M is the amount of particulate matter 
deposited on the sampler filter from a given 
volume (V) of the aerosol being drawn 
through it. 


*It was thought that the nasal passages would 
be dried by the flow of a steady stream of room 
air (relative humidity, 40%-70%). Accordingly the 
noses of four exposed guinea pigs and three exposed 
dogs were dissected. In all cases the mucosa glis- 
tened and was moist to the touch. However, it 
was difficult to determine the quantitative signifi- 
cance of subjective sensations of moisture. 


= 


NASAL 


PENETRATION OF 


Postmortem Changes in Size and Shape of 
the Nasal Passages—A preliminary experi- 
ment was performed outside the wind tunnel 
and without aerosol to determine whether 
death would influence nasal penetration by 
causing gross changes in size and shape of 
the nasal passages. Two dogs were anesthe- 
tized with pentobarbital, and their tracheae 
were transected about 3 in. below the larynx. 
The lower part of the trachea was cannulated 
to allow the animal to maintain respiration. 
A pump was connected to the upper end of 
the sectioned structure, and air was drawn 
through the nasal passages at the rate of 
6 liters per minute. Large doses of atropine 
were required to minimize exudates from the 


Tas_e 1.—Pressure Differences Across Nasal Pas- 
sages of Dogs at Flows of Six Liters per Minute 


Dog 1 Dog 2 
Pressure Pressure 
Drop, Drop, 
Time Mm. HeO Time Mm. HeO 
1522 60 1415 a 
1523 60 1429 42 
1524 60 1430 Injection of 
1525 Injection of pentobarbital 
pentobarbital (Nembutal) 
(Nembutal) 1432 Animal dead 
1527 Animal dead 1445 42 
1528 60 1500 M4 
1582 60 1630 45 
1538 60 
1545 60 0800 47 
next day rigor mortis 


nasal passages and the mouth. Pressure dif- 
ferences across the nasal passages were 
determined by use of water manometers. 
After several readings were made in the liv- 
ing dogs, the animals were killed with pento- 
barbital. Pressure differences were observed 
continuously for 20 minutes in one case and 
2 hours in the other. The latter dog was 
kept at room temperature (about 70F) 
overnight, and a reading was taken about 
16 hours later. Results are shown in Table 1. 

It is evident from Table 1 that the pres- 
sure differences across the nasal passages 
increased only very slightly after death, even 
when rigor mortis had taken place. Such a 
change would be unimportant in these experi- 
ments. There was no evidence of gross 
changes in size and shape of the nasal passages 
of the two dogs. It was assumed, therefore, 
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that no gross changes would occur in heads of 
other dogs exposed only one hour after death. 
It was further assumed that gross anatomical 


changes would be small also in guinea pigs 
and rabbits used 30 minutes after death. 

Aerosol Concentration of Air Flowing into 
the Nares.—Another preliminary experiment 
was carried out in the wind tunnel to deter- 
mine whether the aerosol concentration of 
the air flowing into the nares was the same 
as that of the free stream in the wind tunnel. 
From aerodynamic considerations these two 
concentrations might differ because of criti- 
cal differences between the animal head and 
the isokinetic sampler with respect to size, 
shape, and surrounding flow pattern. There- 
fore, a special sampler was made identical in 
size and shape with the animal head; and, 
with the same flow pattern, it should the- 
oretically measure the aerosol concentration 
of the air stream entering the nares of the 
animal. The special sampler was made from 
an aluminum cast of the death mask of a 
guinea pig. This species was chosen because 
in its case the deviation from isokinetic 
sampling of the free stream would be the 
greatest on account of the small nostril area 
(0.03 cm.*). Pains were taken to obtain an 
accurate reproduction of the nares by drilling 
out by hand the depression made by them in 
the cast. The interior of the model head was 
drilled and machined to hold filter-paper 
dises one inch behind the orifices representing 
the nares. A channel, three-fourths inch in 
diameter, permitted the passage of the aero- 
sol from the orifices to the filter without 
detectable deposition on the walls. For this 
study the model head was placed at the center 
of the exposure section, and the isokinetic 
sampler in the free air stream at the position 
to be used for the exposure of the animal 
heads. The aerosol was sampled by the two 
simultaneously, the model head sampler at 
the same flow as the head of the dead guinea 
pig and the isokinetic sampler at its usual 
flow. Results are shown in Table 2. 

It is evident from Table 2 that the concen- 
trations obtained by the isokinetic sampler 
were the same, within experimental error, 
as those obtained by the model head sampler. 
99 
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Tas_e 2.—Concentrations Obtained Simultaneously 
by Model Head Sampler and I sokinetic 
Sampler Particles of MMD of 1.3, 
Density of 1.2 Gm/Cm.’, and 
Velocity of 2.5 Mph 


Model Head Sampler 
Diameter, 0.15 Cm. 
Flow, 0.69 L./ Min. 


Isokinetic Sampler 
Diameter, 1.28 Cm 
Flow, 8.6 L./ Min. 


Concentra- Concentra- Concentration 
tion C, y/L. tion Co, y/L. Ratio, C/Co 
348 339 1.03 
369 393 0.94 
369 363 1.01 
414 375 1.10° 
369 387 0.95 
411 405 1.01 
411 396 1.04 
369 378 0.98 
306 300 1.02 
240 269 0.90 
261 261 1.00 
Av. 1.01+0.06 
(s. d.) 


Therefore, it was considered justifiable to 
determine the aerosol concentration of air 
entering the nares by sampling the free 
stream isokinetically. 

Penetration of Aerosols Through the 
Nasal Passages of Dead Animals.—The ani- 
mals were prepared for exposure according 
to a routine procedure. They were killed by 
injections of pentobarbital. After bleeding, 
the rabbits and dogs were decapitated. 
Enough of the trachea below the larynx was 
kept to be tied tightly to a cannula, which 
was inserted so that its orifice was just below 
the larynx. The sampler to test the concen- 
tration of the aerosol in the effluent stream 
was securely attached to the free end of the 
cannula, The animal’s lips were sewn to- 
gether, and the flow line, consisting of the 
nasal passages, the cannula, and the sampler, 
was tested for leaks. The head was then 
mounted on a stiff wire support in the center 
of the exposure section of the wind tunnel. 
The sampler to be used to determine the 
aerosol concentration of the influent stream 
was placed at some distance from the nares 
(10 in. upstream and 4 to 5 in. above the 
nares) so that it would not interfere with the 
flow near the nostrils. The exposures of the 
rabbits were started about 30 minutes after 
injection of the lethal dose and lasted 20 min- 
utes ; the exposures of the dogs, about 1 to 2 
600 
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hours after injection, lasting 10 minutes ; the 
exposures of the guinea pigs were begun 
about 15 minutes after injection and lasted 
20 minutes. Smaller animals would have 
taken an impractically long time to expose 
in order to obtain a sufficient sample of tri- 


phenyl! phosphate for reliable determinations, 


To study the effect of species variations, 
the animals were mounted facing upwind. 
To study the effect of wind direction, guinea 
pigs were mounted to face downwind, and 
rabbits’ heads were placed against the wall 
of the tunnel facing the center. A number of 
animals of each species were exposed as con- 
trols in the wind tunnel without aerosol to 
determine whether exudates or mucus would 
have any effect on the colorimetric deter- 
minations. Results are shown in Table 3. 


Tas_e 3.—Nasal Penetration of Droplets of Low 
Inertia in Dead Experimental Animals 


Concentration Concentration 
of Aerosol of Aerosol 


Entering Leaving Nasal 
Nasal Pas- Nasal Pas- Penetration, 
Species sages,7/L. sages, ¥/L. per Cent 
(a) Effect of Species Variation Facing Upwind 
Rabbit 
6.96 5.79 83 
3.30 3.27 99 
2.48 2.05 83 
2.69 2.64 97 
2.51 2.42 
Av. 927 
Dog 
3.63 8.00 83 
3.12 2.63 M 
4.59 4.05 
Ay. 82 
Guinea pig 
4.80 3.69 77 
4.71 3.27 69 
4.26 3.69 87 
5.37 4.56 85 
6.51 4.14 63 
Av. 7610 
Controls 
5 rabbits.... 0.0 0.0 
0.0 0.0 
4 guinea pigs 0.0 0.0 
(b) Effects of Wind Direction 
Rabbit Facing Cross Wind 
3.78 3.06 81 
3.48 3.36 97 
3.39 85 
Av. 
Guinea Pig Facing Downwind 
7.80 6.93 &9 
5.70 3.96 70 
7.26 5.01 69 
Av. 76+11 


NASAL PENETRATION OF 


The nasal penetration of droplets of small 
inertia in rabbits was 92%+7; in dogs, 
85% +2, and in guinea pigs, 76% +10. An 
analysis of variance showed that the group 
comprising all the animals facing upwind was 
not homogeneous. From aerodynamical con- 
siderations of the velocity of the aerosol 
entering the nares, it was expected that the 
guinea pig would show more nasal deposition, 
i. e., less penetration. The computed velocity 
of the aerosol entering the nares of the guinea 
pigs was found to be approximately twice 
that entering the nares of the rabbits and the 
dogs. The statistical analysis did show that 
there was a significant difference in nasal 
penetration between the guinea pigs, on the 
one hand, and the rabbits and the dogs, on 
the other hand. Too few dogs were used in 
the experiment for further statistical con- 
sideration. In rabbits facing upwind, the 
nasal penetration was 92%+7, and facing 
cross wind 88% +8. In guinea pigs facing 
upwind, the penetration was 76% +10, and 
facing downwind 76%+11. Wind direction 
had no influence on nasal penetration. 


COM MENT 


C. N. Davies! reported nasal penetration 
of 80% +17 in living anesthetized rabbits 
for particles of approximately the same size 
as ours. Our value for penetration in dead 
rabbits was 92% +7. The difference in the 
two values may be explained by the differ- 
ences in the experimental equipment and 
arrangements. A wider range of Davies’s 
results may be expected from the use of liv- 
ing animals, but it should be pointed out that 
over half of his penetration values approxi- 
mated ours. 

Watson ° has demonstrated that no correc- 
tion is needed for particles of small inertia 
in anisokinetic sampling, but no data were 
presented to show the influence of size and 


PARTICLES 


OF SMALL INERTIA 
shape of the sampler. The preliminary study 
of sampling reported in this paper furnished 
a method to evaluate this factor. However, 
the results indicated that no correction was 
needed ; and for particles of small inertia, the 
shape of the sampler and the rate of sampling 
were not critical. 


SUMMARY 

Experiments were carried out to determine 
the nasal penetration of particles of small 
inertia in dead rabbits, dogs, and guinea pigs. 
The heads of the animals, or the entire 
bodies, were exposed in a wind tunnel to an 
aerosol consisting of particles of 1.34 with 
density of 1.2 gm/cm.* and moving at a rate 
of 2.5 mph. The concentrations of the aerosol 
entering the nasal passages and of that leav- 
ing the nasal passages were determined. It 
was found that there was a significant differ- 
ence in nasal penetration between the guinea 
pigs, on the one hand, and the rabbits and the 
dogs, on the other hand. Wind direction had 
no influence on the nasal pentration of drop- 
lets of low inertia. 
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There are many statements in medical lit- 
erature that various changes in peripheral 
blood have been observed in patients suffer- 
ing from chronic mercurialism or in those 
exposed to mercury vapor for a long time. 
In a previous communication’ we have 
stated as follows: “We are under the impres- 
sion that some works published about 
20 years ago (Liiddicke,? Dunajewsky and 
Peissachowitsch *) dealing with damages to 
blood in chronic mercurialism have been 
accepted in more recent literature without a 
sufficiently critical scrutiny. There also 
appears to be no doubt that many statements 
to the effect that blood is damaged by mer- 
cury are based on a mistaken view regarding 
normal values of blood elements.” This 
assumption induced us to start systematic 
investigations ‘ into the problem of the influ- 
ence of mercury vapor on the cellular blood 
elements. We have paid special attention to 
the question of hemoglobin and erythrocytes, 
because in the literature the changes of eryth- 
rocytes and hemoglobin (especially anemia) 
as a result of the influence of mercury vapor 
have often been emphasized. Goldwater,* on 
the contrary, has found hemoglobin values 
significantly increased, accompanied by mac- 
rocytosis. In the course of our investigations 
we have examined 189 miners of the mercury 
mine in Idria and 70 women workers of a 
felt-hat factory (71 miners [31.6%] and 
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47 women workers [67.7%] showed pro- 
nounced symptoms of chronic mercury poi- 
soning). The results of these investigations 
may be summarized as follows: 

1. No statistically significant differences were 
found in erythrocytes and white blood picture 


between the group of workers exposed to mercury 
vapor and the control group. 


2. No pathologic alterations in the white or in 
the red blood elements were observed. 


3. No definite conclusions could be drawn with 
regard to the question of hemoglobin, though we 
could, on the basis of our results, presume that no 
alterations occurred in hemoglobin values of work- 
ers suffering from chronic mercurialism or among 
workers chronically exposed to mercury vapor. 


Further clinical investigations of the blood 
picture have proved our presumption that no 
changes have occurred in the nature of the 
cellular elements of the blood and hemoglobin 
either in the case of chronic mercurialism or 
in the case of chronic exposure to mercury 
vapor. 

However, to obtain further arguments for 
our assertion, we carried out experiments on 
animals exposed to mercury vapor. Our 
investigations aimed at finding out whether 
any changes in blood elements and hemo- 
globin can be observed in animals chronically 
exposed to mercury vapor. 


METHODS 


1. Eleven male guinea pigs, aged eight months, 
were exposed to mercury vapor five hours a day 
for 266 days. The 11 male guinea pigs of the control 
group were of the same age. Both groups were 
kept, fed, and exposed in the experimental chambers 
under the same conditions (except exposure to 
mercury vapor). 


2. The concentration of mercury vapor in the 
atmosphere of the exposure chamber was 4.5-5.5 
mg/m.° (air supply, 40 1/min.). Mercury vapor 
was measured in the atmosphere of the exposure 
chamber three times a day. 


INFLUENCE OF MERCURY VAPOR ON 


In the control chamber fresh air streamed in 
with the same velocity. Experimental equipment is 
shown in Figure 1 and Figure 2. 

3. The blood examinations of the exposed and 
the control group were carried out before the 
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Fig. 1.— Photograph 
showing the exposure 
chamber and the equip- 
ment for producing de- 
sired concentrations of 
mercury vapor in air. The 
size of the chamber is 
135 by 30 by 30 cm. (the 
narrowing of the length, 
60 cm.). The volume is 
0.140 m.* One side of the 
chamber is of glass to 
make the observation of 
animals possible. There 
are openings on the upper 
side for the measurements 
of temperature and hu- 
midity in the chamber in 
the course of experiments. 
The chamber is joined to 
the air supply apparatus 
with rubber tubes. At the 
entrance and exit of the 
chamber there are two air 
sampling tubes. 


exposure three times: May 5, May 19, and Aug. 10, 


1953. 


At the beginning of the experiment both groups 
were nearly equal in the blood picture (hemoglobin, 
erythrocytes, leucocytes, differential blood picture, 


Fig. 2—Schematic drawing of the exposure chamber : (a) experimental chamber ; (b) control 
chamber, and (c) equipment for producing mercury vapor-air mixtures. 


TasLe 1.—Comparison of the Control Group and the Experimental Group at 
Beginning of the Experiment (Oct. 8, 1953) 


Control Group 
s 


WAGE, 829.3 116.9 
Red blood count x10* 4.94X10® 0.24x10° 
Hemoglobin, gm./100 ec 0.84 


Experimental 
Group 


821.5 


s 
81.1 


4.98X10® 0.12 10° 


14.16 


0.71 


Differ- 
ence 


| 
~ i= 7 
x 
— 4 
0.04 0.63 >0.6 


A. M. A. 
reticulocytes, stippled cells) and the mean weight 
(Table 1). 

In the course of the experiment the blood exam- 
inations were performed eight and the 
examinations of the bone marrow twice (Dec. 7, 
1953, and April 5, 1954). 

4. At the end of the experiment a postmortem 
examination was carried out on all animals. During 
the experiment three animals of the exposed and 
three of the control group died (control group: 
Guinea Pig 21 after heart puncture, Guinea Pig 22 
after ulcus ventriculi perforans and peritonitis, and 
Guinea Pig 19 after fat infiltration and degeneration 
of liver; exposed group: Guinea Pig 17 after liver 
rupture, Guinea Pig 6 after bronchopneumonia 
catarrhal acute, and Guinea Pig 2 after broncho- 
pneumonia induration). 


times, 


5. The mercury concentration in blood of guinea 
pigs was also checked. Immediately after exposure 
to 5 mg/m.% for five hours a concentration of 1367 
to 1417/100 cc. was found in the blood of the 
guinea pigs. 

6. (a) Determination of mercury vapor in the 
atmosphere: spectrophotometric method, based on 
selective absorption of mercury vapor at the wave 
length of 2536.5 A. (Beckman Spectrophotometer).° 

(b) Hemoglobin in blood: Heilmeyer method 
(Pulfrich photometer). 

(c) Erythrocytes and leucocytes: counted in 
Biirker’s counting chamber. 

(d) Differential blood picture: stained by pan- 
chromatic method of Pappenheim. 

(e) Stippled cells: stained by monochromatic 
method of Loffler. 

(f) Reticulocytes: modified Wolfer method. 
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All blood counts of the exposed and the control 
group were done by the same person. The same 
person also carried out the counting of elements 
in the bone marrows of both groups. 


RESULTS 

The most important results of the experi- 
ments are shown in Tables 2 and 3 (hemo- 
globin and erythrocytes of the exposed and 
control groups). All other results concern- 
ing the white blood picture and bone marrow 
were within the limits of normal values and 
are not presented here. A continual clinical 
control of animals offered no unequivocal 
evidence that they had mercury poisoning, 
but our experiments were not directed to 
reveal blood changes in guinea pigs suffering 
from chronic mercury poisoning but in those 
chronically exposed to mercury vapor. 


CONCLUSION 

The comparison of blood element counts, 
including bone marrow and hemoglobin lev- 
els, of the experimental group with those of 
the control group did not reveal any statisti- 
cally significant differences. It should also be 
pointed out that our investigation revealed 
no pathologic alterations in the white or red 
blood elements or in the bone marrow of 
guinea pigs chronically exposed to mercury 
vapor. 


Tas_e 2.—Hematological Changes in Two Variables in the Control and the 


Experimental Group of Guinea Pigs for 266 Days 


Mean Values 
————_____- -——— Time in Time in Over-all 
Initial Highest Days Lowest Days Mean 
Controls 
COUNEKW 4.9X10° 202 4.9108 16 5.2«10° 
Hemoglobin, gm./100 c@............0655 13.95 14.36 38 13.81 112 14.14 
Exposed to Hg vapors 
Red blood count 4.9X10° 5.5108 202 5.0 10° 16 5.3108 
Hemoglobin, gm./100 e¢................ 14.16 14.77 202 13.81 16 14.29 
Tas_e 3.—Difference and Significance of Difference Between the Means (Over-All) 
for the Control and the Experimental Group 
Controls Exposed Animals 
= 
s Difference t P 
Red blood 5.23 10° 2.6X105 5.28 10° 2.5105 0.5105 0.99 >0.3 
14.14 0.68 0.76 0.14 1,00 >03 


Hemoglobin, gm./100 ce 


14,28 
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INFLUENCE OF MERCURY VAPOR 


On the basis of the results obtained it can 
be asserted that mercury vapor in concentra- 


tion of 4.5 to 5.5 mg/m.* causes no changes 


in the hemopoietic system of guinea pigs 


which are chronically, under described condi- 
tions, exposed to mercury vapor. 
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News and Comment 


ANNOUNCEMENTS 


Dr. Holland Appointed to A. M. A. Council Post.—Dr. B. Dixon Holland, who is 
retiring soon as a Colonel in the U. S. Army Medical Corps, has been appointed by the 
A. M. A. Board of Trustees as Secretary of the A. M. A. Council on Industrial Health. On 
or about July 15 he will fill the post left vacant by the death of Dr. Carl M. Peterson. 


Dr. Holland, who is a native of Denton, Texas, is presently serving as Medical Director 
of the Army Federal Civilian Employees’ Health Service and Chief of Preventive Medicine 
and Assistant Surgeon at the Aberdeen Proving Ground, Maryland. He has been at Aberdeen 


since July, 1955. 


Dr. Holland was graduated from the University of Texas Medical School at Galveston 


in 1934. 
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of Wetabolites of Systox 


KENNETH P. DuBOIS, Ph.D. 
SHELDON D. MURPHY, B.S. 

and 

DONALD R. THURSH, B.A., Chicago 


During the past few years Systox * has 
become an important systemic insecticide for 
the control of mites and aphids on several 
food crops, ornamentals, and cotton. As a 
result of research in various laboratories + 
during the past four years it has been estab- 
lished that commercial Systox is a mixture of 
two isomers, namely, O,O-diethyl O-ethyl- 
2-mercaptoethyl phosphorothionate (Systox ) 
and O,O-diethyl S-ethyl-2-mercaptoethy] 
phosphorothiolate (P=O Systox; 
Systox). Since the PO isomer is consid- 
erably more toxic than the P=S isomer, 
the toxicity values obtained in this* and 
other laboratories t on commercial prepara- 
tions of Systox were dependent upon the pro- 
portions of each isomer and upon the amounts 
of other toxic impurities * in the mixtures. 


Iso- 


The toxicity of purified samples of the 
P=S and the P=O isomers of Systox has 
been studied recently by Wirth® and by 
Deichmann and Rakoczy.’ The data obtained 
by these investigators are valuable from the 
standpoint of predicting the toxicity of com- 
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mercial preparations of known composition 
with respect to the two isomers. However, 
Systox and its PO isomer are metabolized 
by plants* and animals® to a number of 
derivatives,’® some of which are highly active 
anticholinesterase agents. March and associ- 
ates * recently concluded that oxidation of 
the mercapto sulfur of the ethylmercapto- 
ethyl portion of Systox and the PO isomer 
to the corresponding sulfoxide and finally to 
the sulfone is probably the most important 
metabolic pathway from the toxicological 
standpoint. 


Information on the toxicology of various 
metabolites of Systox is important in evalu- 
ating the potential health hazards associated 
with the exposure of man or domestic ani- 
mals to this insecticide. Since plants convert ® 
Systox to toxic metabolites, the toxicity of 
these derivatives to mammals is important in 
connection with residues in Systox-treated 
crops intended for consumption by man or 
domestic animals. The present investigation 
was undertaken to obtain information on the 
comparative toxicity and anticholinesterase 
action of P=O Systox and the sulfoxide 
and sulfone derivatives of this compound. 
The data presented in this communication 
indicate that the sulfoxide and the sulfone 
derivatives of P=-O Systox resemble the 
parent compound in their toxicity and anti- 
cholinesterase action in mammals. 


EXPERIMENTAL PROCEDURES 


For the toxicity measurements male and female 
Sprague-Dawley rats (175 to 225 gm.), male Car- 
worth Farms mice (about 20 gm.), and young male 
guinea pigs were employed. The animals were 
housed in air-conditioned laboratories at 65 to 70 F. 
The rats and mice were fed Rockland Rat Diet, 


= 


TOXICITY 


OF SOME 


METABOLITES OF SYSTOX 


TABLE 1—Names and Structural Formulae of Some Systox Metabolites 


Synonyms 


P=O Systox; 
Iso-Systox; 
Thiol Systox 


P=—O Systox sulfoxide; 
Iso-Systox sulfoxide; 
Thiol Systox sulfoxide 


P=O Systox sulfone; 
Iso-Systox sulfone; 
Thiol Systox sulfone 


Chemical Names 


0,0-diethyl S-ethyl- 
2-ethylmercapto 
phosphorothiolate 
sulfoxide 


0,0-diethyl S-ethyl- 
2-ethylmereapto 
phosphorothiolate 
sulfone 


Structural Formulae 
C2Hs0 


0,0-diethyl S-ethyl- 
2-ethylmercapto 
phosphorothiolate 


C2Hs0 O 
C2Hs0 


C2Hs0 O 


C2Hs0 
C2Hs0 O 


TaBLe 2.—Acute Toxicity of P=O Systox, P=O Systox Sulfoxide, and P=O Systox 
Sulfone to Mammals 


Compound 
P—O Systox 


Species 
Rats 
Rats 
Mice 
Guinea pigs 
P=—O Systox sulfoxide Rats 
Rats 
Mice 
Guinea pigs 
P=O Systox sulfone Rats 
Rats 
Mice 
Guinea pigs 


and the guinea pigs received Rockland Rabbit Pel- 
lets supplemented with cabbage twice weekly. 

Samples of P—O Systox and the sulfone and 
sulfoxide derivatives of this componnd were sup- 
plied by the Chemagro Corporation, of New York. 
For administration to animals the compounds were 
dissolved in 10% ethanol and 90% propylene glycol. 
The strength of the solutions was always adjusted, 
so that less than 0.3% of the body weight was 
administered to rats and guinea pigs and a volume 
corresponding to less than 1% of the body weight 
was given to mice. 

Cholinesterase measurements were performed 
manometrically by the method of DuBois and Man- 
gun.'! The cholinesterase test system contained 0.3 
cc. of 0.1 M acetylcholine chloride in a final volume 
of 3 cc. of calcium-free Ringer bicarbonate buffer. 
The tissues were homogenized in the buffer, and 
50 mg. of brain, 100 mg. of submaxillary gland, or 
200 mg. of serum was employed for the assays. For 
measurements of the anticholinesterase activity in 
vitro, the compounds were dissolved in the Ringer 
bicarbonate buffer and added in place of an equiva- 
lent volume of buffer. The Warburg flasks were 
gassed for five minutes with 95% nitrogen and 5% 
carbon dioxide and equilibrated for five minutes. 
The acetylcholine was tipped from the side-arms 


Approx. 

Route of Animals, L.D.s0, 

Administration No. Mg./Ke 
Intraperitoneal 42 1.5 
Oral 35 1.7 
Intraperitoneal 35 5.6 
Intraperitoneal 34 5.5 
Intraperitoneal 34 1.5 
Oral 35 2.3 
Intraperitoneal 35 5.8 
Intraperitoneal 34 5.0 
Intraperitoneal 48 1.8 
Oral 35 1.9 
Intraperitoneal 40 5.9 
Intraperitoneal 34 8.5 


into the main compartments of the vessels, and 
readings were taken at 5-minute intervals for 30 
minutes. The cholinesterase activity was expressed 
as microliters of COz produced per 50 mg. of tissue 
per 10 minutes. 


RESULTS 

For the present investigation PO Systox 
and the sulfoxide and sulfone derivatives of 
this compound were employed. The chemical 
names and structural formulae of these com- 
pounds are presented in Table 1. The acute 
toxicity of the three compounds was meas- 
ured by administering them intraperitoneally 
to rats, mice, and guinea pigs and orally to 
rats. The animals were observed for 10 days, 
and the approximate L.D.59 values were 
estimated from the mortality data by the log 
probability method. The results of these 
measurements are shown in Table 2. These 
data indicate that PO Systox exhibits a 
high toxicity to mammals. Rats were the 
most susceptible of the species studied. The 
toxicity of the sulfoxide and the sulfone was 
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essentially the same as that of PO Systox 
to rats and mice. However, the sulfone was 
slightly less toxic than the sulfoxide and 
P=O Systox to guinea pigs. All the com- 
pounds were well absorbed from the gastro- 
intestinal tract, as indicated by the simi- 
larity between the L. D.59 values obtained 
after oral and intraperitoneal administration. 
A comparison of the toxicity of the com- 
pounds given intraperitoneally to male and 
female rats indicated that there is no appreci- 
able sex difference in susceptibility to these 
organic phosphates. 

The symptoms produced by acutely toxic 
doses of PO Systox and the sulfoxide and 
sulfone derivatives were essentially the same 
with respect to type, magnitude, and dura- 
tion. The pharmacological actions of all these 
compounds were typical of those produced 
by cholinergic organic phosphates. After 
intraperitoneal administration of doses near 
the L.D.s59 symptoms became evident in 
about 30 minutes. The initial effects consisted 
of excitability, salivation, lacrimation, defeca- 
tion, and muscular fasciculations. These 
symptoms were followed by convulsive seiz- 
ures, prostration, and cessation of respiration 
after lethal doses. The time of onset of 
symptoms was dependent upon the dose of 
the compounds. Thus, high doses of each 
compound produced an immediate onset of 
symptoms, and death of the animals occurred 
within an hour. After doses between 1 and 
2 mg. per kilogram most of the deaths 
occurred in one to five hours. However, 
deaths were occasionally delayed for as long 
as four days after administration of doses 
near the L. D.s9. Animals which survived 
doses near the L. D.59 exhibited symptoms 
for several days. Our observations on the 
toxicity of P=O Systox agree closely with 
those recently reported by Wirth® and by 
Deichmann and Rakoczy.’? The results of 
the present studies also demonstrated that 
the sulfone and the sulfoxide derivatives of 
P=O Systox have essentially the same toxic- 
ity as the parent compound and exert a cho- 
lingeric action in mammals. 

To obtain information on the anticholines- 
terase action of PO Systox and the two 
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metabolites in vitro, several concentrations 
of each compound were added to the cho- 
linesterase system containing homogenized 
rat brain as the source of the enzyme. The 
per cent inhibition was plotted against the 
logarithm of the inhibitor concentration, and 
a linear relationship was obtained with con- 
centrations of the compounds which produced 
between 20% and 80% inhibition of enzyme 
activity. In these experiments 50% inhibi- 
tion of the cholinesterase activity was pro- 
duced by 2.1107 M P=O Systox, 2.2 
10° M PO Systox sulfoxide, and 210° 
M P=O Systox sulfone. Thus PO Systox 
was a more effective inhibitor of cholines- 
terase in vitro than were the two metabolites. 

The symptoms produced by the compounds 
suggested that the cholinesterase activity of 
both the central nervous system and the 
peripheral tissues was inhibited in vivo. To 
ascertain the rate and extent of inhibition 
and the rate of recovery of the cholinesterase 
activity of various tissues, groups of rats 
were given single doses of | mg. per kilo- 
gram of each of the compounds. This dose 
was selected because it produces symptoms 
of acute poisoning but is sublethal to rats. 
Groups, each containing three animals, were 
killed at intervals during the first 72 hours 
after administration of the compounds, and 
cholinesterase assays were performed on 
brain, submaxillary glands, and serum. The 
results of measurements made during the 
first 48 hours after treatment of rats with the 
compounds are shown in Charts 1, 2, and 3. 
Each value on the curves represents the 
average for measurements on the tissues of 
three animals, and the data are expressed as 
per cent of control activity. The average 
normal cholinesterase values for six rats 
which served as controls were 99.6 for brain, 
27.9 for submaxillary glands, and 15.4 for 
serum expressed as cubic millimeters of car- 
bon dioxide liberated per 50 mg. of tissue per 
10 minutes. 

The intraperitoneal administration of 
P=O Systox produced a marked inhibition 
of the cholinesterase activity of all the tissues, 
as shown by the data in Chart 1. Maximal 
inhibition was observed at three hours after 
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Chart 1.—Inhibitory action of P—O Systox (1 
mg/kg.) on the cholinesterase activity of rat tissues 
in vivo. Curve A, serum; Curve B, submaxillary 
glands; Curve C, brain. 


injection, which coincided with the time at 
which the symptoms became most pro- 
nounced after this dose of the compound. 
The delay in occurrence of maximum enzyme 
inhibition suggests that PO Systox is 
absorbed more slowly than are some of the 
other organic phosphorus-containing insecti- 
cides, such as parathion ** and _ tetraethy! 
pyrophosphate.'* The cholinesterase activity 
of the tissues showed similar susceptibility 
toward the compound, with 79% to 86% 
depression of the enzyme activity of all the 
tissues being observed at three hours. Thus, 
the true cholinesterase of brain and the pseu- 
docholinesterase of serum were equally in- 
hibited in vivo in agreement with their simi- 
lar susceptibility in vitro. Following the 
initial inhibition a gradual return of the en- 
zyme activity toward normal levels occurred, 
with the rate of reversal being essentially the 
same for all the tissues. At 48 hours after 
poisoning the cholinesterase activity re- 
mained 30% to 45% below the normal levels. 
Other assays conducted at 96 hours indicated 
that the enzyme activity of the tissues was 
20% to 35% below normal at this time. The 
prolonged symptoms produced by P=O 
Systox are explainable on the basis of slow 
reversal of the enzyme inhibition. 

Since the toxicity of P=O Systox and 
the sulfoxide and sulfone derivatives of this 
compound to rats is essentially the same, 
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equivalent doses of the three compounds 
were expected to produce similar amounts of 
inhibition of cholinesterase activity in vivo. 
To obtain an indication of the influence of 
P=(© Systox sulfoxide on cholinesterase 
activity, a series of rats was given 1 mg. per 
kilogram of this compound intraperitoneally. 
At frequent intervals during the first 48 
hours after poisoning, groups of animals 
were killed for cholinesterase measurements 
on brain, submaxillary glands, and serum. 
The results of these measurements are shown 
in Chart 2, in which each point on the curves 
represents the average of assays on the tis- 
sues of three animals. The pattern with 
respect to time of maximal inhibition of cho- 
linesterase activity and rate of reversal of 
the enzyme inhibition closely resembled that 
observed with P=O Systox. Thus, maximal 
inhibition occurred in three hours after injec- 
tion of the compound, at which time the 
cholinesterase activity of brain, submaxil- 
lary gland, and serum was inhibited 80%, 
83%, and 88%, respectively. Gradual rever- 
sal of the inhibition was noted at subsequent 
intervals. At 48 hours the enzyme activity 
of the brain remained 42% below normal, 
and the cholinesterase activity of the sub- 
maxillary glands was 36% inhibited. The 
enzyme activity of serum returned to normal 
somewhat more rapidly than that of the other 
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Chart 2—The extent and duration of inhibition 
of the cholinesterase activity of rat tissues in vivo 
by P=O Systox sulfoxide (1 mg/kg.). Curve A, 
serum; Curve B, submaxillary glands; Curve C, 
brain. 
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Chart 3.—The influence of P—O Systox sulfone 
(1 mg/kg.) on the cholinesterase activity of rat 
tissues in vivo. Curve A, serum; Curve B, sub- 
maxillary glands; Curve C, brain. 
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tissues, as indicated by only 22% inhibition 
of serum cholinesterase at two days after ad- 
ministration of the compound. Normal serum 
cholinesterase levels were noted at three days, 
whereas the enzyme activity of the submaxil- 
lary glands and brain was inhibited 17% and 
34%, respectively, at this time. 


The intraperitoneal administration of 
1 mg. per kilogram of PO Systox sulfone 
caused marked inhibition of the cholinester- 
ase activity of brain, submaxillary glands, 
and serum, as shown by the data in Chart 3. 
The inhibition reached a maximum at three 
hours after injection of the compound, at 
which time the enzyme activity of brain and 
submaxillary glands was 81% inhibited and 
the activity of serum was inhibited 86%. 
Gradual reversal of the inhibition occurred 
following the initial depression. At 48 hours 
after poisoning the enzyme activity of the 
brain and submaxillary glands was inhibited 
47% and 34%, respectively, but the cholines- 
terase activity of the serum had returned to 
the normal level. 


The possibility of repeated exposure to 
sublethal doses of organic phosphorus- 
containing insecticides is a practical problem 
of considerable importance in the manufac- 
ture and use of these materials. Information 
on the influence of repeated exposures on 
cholinesterase activity is, therefore, valuable 
from the standpoint of determining the poten- 
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tial health hazards associated with the use of 
these insecticides. In the present investiga- 
tion an experiment was conducted to obtain 
information concerning the effects of repeated 
doses of PO Systox on the cholinesterase 
activity of animal tissues. For this experi- 
ment a series of female rats was given a 
daily dose of 0.75 mg. per kilogram of P=O 
Systox intraperitoneally. A group of three 
animals was killed 24 hours after the first 
dose of the compound, and cholinesterase 
measurements were made on the brain, sub- 
maxillary glands, and serum. Two other 
groups were killed at 24 hours after the 
second and the third daily doses of the com- 
pound. Additional groups were killed at 48 
and 72 hours after the third dose, and cho- 
linesterase assays on the tissues of these ani- 
mals provided an indication of the rate of 
recovery of enzyme activity after repeated 
exposure to the compound. The results of 
this experiment are summarized in Table 3, 
in which each cholinesterase value is the 
average for tissues from three animals. 


The daily administration of 0.75 mg. per 
kilogram of P=O Systox for three days 
caused a progressive decrease in the cho- 
linesterase activity of brain, serum, and sub- 
maxillary glands. The greatest decrease 
occurred after the first dose of the compound, 
and subsequent doses caused further depres- 
sion of the enzyme activity. The cumulative 
effect of the compound on cholinesterase 
activity observed in this experiment was 
expected in view of the slow rate of recovery 
of enzyme activity after single doses of the 
compound (Chart 1). The amount of inhibi- 


TABLE 3.—Influence of Repeated Doses of P=O 
Systox (0.75 Mg/Kg/Day) on the 
Cholinesterase Actvity of Rat 
Tissues 


Time of Per Cent of Control 
Killing Cholinesterase Activity 
After 

Last Sub- 
maxillary 
Glands 


Total 
Dose, Doses, Dose, 
Mg./Kg. No. Hr. 

0.75 1 24 
1.5 24 
2.25 24 
2.25 48 
2.25 72 


Brain Serum 


A 
B 
C 
44.5 50.9 65.6 
30.4 40.9 51.3 
23.6 30.8 29.9 
37.9 49.8 55.2 
45.8 53.8 72.1 
= 


TOXICITY OF SOME 
tion of cholinesterase activity at 24 hours 
after a total dose of 2.25 mg. per kilogram 
given at the rate of 0.75 mg. per kilogram 
for three days was nearly the same as the 
maximum inhibition produced by a single 
dose of 1 mg. per kilogram of PO Systox 
(Chart 1). It was thus possible to make a 
direct comparison of the rate of recovery of 
the enzyme activity in the various tissues 
after depression to the same level by adminis- 
tration of a single dose (Chart 1) and daily 
doses (Table 3) of the organic phosphate. 
This comparison indicated that the amount 
of recovery of enzyme activity per 24-hour 
period is similar after a single dose and after 
repeated doses given over a short period of 
time. 


COMMENTS 


The present investigation was undertaken 
to obtain information on the toxicity and 
pharmacologic actions of PO Systox and 
two oxidative metabolites of this compound 
in mammals. Since P=O Systox undergoes 
isomerization to yield the more toxic P=O 
isomer, the availability of information on the 
toxicity of the latter compound to mammals 
is important with respect to the health haz- 
ards associated with the use of Systox as an 
insecticide. The recent evidence that ani- 
mals,® insects,® and plants * metabolize Sys- 
tox to a number of derivatives and that the 
oxidative metabolites have a high toxicity 
further emphasizes the need for detailed 
toxicological studies on these compounds. 


Measurements of the acute toxicity of 
PO Systox and the sulfoxide and sulfone 
derivatives indicated that all these compounds 
have a high toxicity to rats, mice, and guinea 
pigs. Species differences in susceptibility to 
cholinergic organic phosphates are generally 
small. It, therefore, seems likely that other 
species would resemble those used in the 
present investigation in their susceptibility 
to these compounds. No appreciable differ- 
ence was noted in the toxicity of P=O Sys- 
tox and the two metabolites in rats and mice. 
However, the sulfone was slightly less toxic 
than the other two compounds to guinea pigs. 
These observations indicate that PO Sys- 


METABOLITES OF SYSTOX 


tox and the sulfoxide and sulfone are equal 
from the toxicological standpoint and are all 
more toxic than P=S Systox.’ Thus, isom- 
erization appears to be a more important 
step than the subsequent oxidation of the 
isomer in increasing the toxicity of P=S 
Systox to mammals. 


Measurements of the anticholinesterase 
activity of the compounds demonstrated that 
P=O Systox is a more effective inhibitor 
than the sulfoxide and sulfone in vitro. 
However, this difference was not observed 
in vivo, since the administration of equiva- 
lent doses of the three compounds caused 
essentially the same amount of inhibition of 
the cholinesterase activity of rat tissues. 
Thus, the equal anticholinesterase activity of 
the compounds in vivo is in agreement with 
the similar toxicities of the compounds to 
rats. The relatively prolonged inhibitory 
action of the compounds on cholinesterase 
in vivo is consistent with the long duration 
of symptoms in acutely poisoned animals. 
A comparison of the rate of recovery of 
cholinesterase activity in vivo after admin- 
istration of a single dose and three successive 
daily doses of P=O Systox showed that 
reversal of the inhibition occurred at the 
same rate in each case. This observation 
suggests that recovery from repeated expo- 
sure over a short period of time would occur 
at essentially the same rate as recovery from 
a single dose. 


SUMMARY 


Measurements of the acute toxicity of 
PO Systox, P=O Systox sulfoxide, and 
PO Systox sulfone to rats, mice, and 
guinea pigs were made. By the intraperi- 
toneal route the L. D.59 values for the three 
compounds were near 1.5 mg. per kilogram 
for rats, and the values for mice ranged from 
5.6 to 5.9 mg. per kilogram. Guinea pigs 
resembled mice in susceptibility, with the 
exception that the L. D.59 of the sulfone was 
8.5 mg. per kilogram for this species. The 
oral L. D.5o values for rats closely resembled 
the parenteral values, indicating that the 
compounds are well absorbed from the gas- 
trointestinal tract. Acutely toxic doses of 
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the compounds produced cholinergic effects 
in mammals, with both the nicotinic and the 
muscarinic actions of acetylcholine being 
prominent. 

The anticholinesterase activity of the com- 
pounds in vitro was measured, and it was 
observed that 50% inhibition of cholines- 
terase activity was produced by 2.110" 
M P=O Systox, 2.2x10° M P=O Systox 
sulfoxide, and M P=O Systox 
sulfone. However, the three compounds were 
equal in their inhibitory action on cholines- 
terase in vivo. Thus, the intraperitoneal 
administration of 1 mg. per kilogram of the 
compounds to rats produced marked inhibi- 
tion of the cholinesterase activity of brain, 
submaxillary glands, and serum. Maximum 
inhibition occurred at three hours after intra- 
peritoneal administration of this sublethal 
dose of the compounds. Gradual reversal of 
the enzyme inhibition was observed during 
the following four days. The results of these 
studies demonstrated that PO Systox and 
the sulfoxide and sulfone derivatives of this 
compound have a high toxicity to mammals 


by virtue of their ability to inhibit the cho- 
linesterase activity of the central nervous 
system and peripheral tissues. 
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Abstracts from Current Literature 


Epitep sy \W. Davin SMALL 


General 


Four Stupies oF THE RELATION BETWEEN PSYCHOLOGICAL AND OccUPATIONAL HANDICAP 
Amon Inpustr1AL WorKERS. ALASTAIR HERON, Brit. J. Indust. Med. 12:322-325 (Oct.) 
1955. 


Each study in this paper is essentially an independent entity, although the subject matter of 
all four is related. In the first investigation it was found that workers who were found to be 
less intelligent by test than their fellows on the same factory job were not less productive. 

The second study showed that in a group of newly hired women the less intelligent tended 
to resign sooner than the others. This tendency was less marked among women over 35. 

Among newly hired bus drivers those classified as being in the least intelligent 10% were 
more likely to quit than their fellows. Those of the less intelligent 10% who stayed were con- 
sidered by their employers to be less satisfactory than were the rest of the men in the group. 

Emotional instability among settled male factory workers was a handicap only insofar as 
these men tended to be a greater concern to their immediate supervisors than their stabler 
companions. Among newly hired bus conductors the least emotionally stable 10% were more 
likely to leave during the first six months than were the rest of the group. 


SHERMAN S. Pinto, Denver. 


OLbER AND HEAvy Work. R. M. Bevsin, Brit. J. Indust. Med. 12:309-319 (Oct.) 1955. 


This study of how extensively older persons are engaged in heavy work was made from a 
small-scale sample of operations personally studied by the author and a more general analysis 
of occupations and ages listed in the 1951 census of England and Wales. From both sources of 
information a tendency was found for a larger proportion of persons in the late 40's, the 50s, 
and the 60’s to be engaged in heavy work than in light operations. 

Since it was found that older persons face serious competition from younger workers in light 
work, the possible relationships of speed and skill required at work as contributing causes of this 
competition are discussed. As competition for jobs increases, the older, unskilled workers seem 
to move on to laboring jobs, which tend to be heavy but where they can work at their own speed. 

The author recommends that more provision be made for training and retraining older work- 
ers, i. €., improving their level of skill, as offering the best hope of placing older workers in 
light work. 


Occupational Diseases and Hazards 


DERMATITIS FROM SOLUTIONS OF SopIUM AND CALCIUM CHLORIDE IN THE COAL-MINING 
Inpustry. O. P. Epmonps, Brit. J. Indust. Med. 12:320-321 (Oct.) 1955. 


In driving a mine shaft through a frozen area, 8% calcium chloride solution was used to 
prevent refreezing of boring chips This solution often splashed on the skin of the workers and 
produced skin lesions. Commonest lesions noted were punched-out ulcers of the knuckles, a fol- 
licular excoriated dermatitis, and boils. Protective clothing, cleanliness, and a protective cream 
prevented further trouble. 

In another mine where the water contained chlorides of calcium, magnesium, and sodium, 
a small group of men developed dermatitis. It was felt that the chloride solution, plus friction, 
was responsible for the skin lesions. 

The harmful effects of chlorides are emphasized in view of their increasing use underground 


to allay the dust. SHERMAN S. Pinto, Denver. 


Concept or Dust DisposaL IN THE LUNGs. 
(Jan.-April) 1955. 


E. V. Hutse, J. Path. & Bact. 69:225-230 


In this paper the author formulates a fresh concept of the origin of dust deposits seen in the 
more distal parts of the lungs; this is based on a study of these deposits, especially the smaller 
and earlier lesions of persons who had not been coal miners. Human lungs were prepared for 
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histological examination in three ways: (1) in the way usual at autopsies; (2) by reexpanding 
the excised lung with 10% formalin under low pressure; (3) by clamping the trachea before 
opening the pleural sacs, and fixing the lung in 10% formalin before section. An experimental 
investigation was also carried out on the lungs of rats that had received intratracheal injections 
of finely divided carbon in water; the third method was used for preparing the lungs for section. 

In the human material there were significant differences between the form and arrangement 
of dust cells in lungs of which collapse had been prevented and those in lungs prepared by other 
methods. Where collapse of the lung had been prevented, the vast majority of dust cells were 
molded to the alveolar walls, and an epithelial lining was frequently found over the phagocytes 
in alveoli adjacent to anthracotic foci. In the experimental animals that survived, a considerable 
amount of carbon remained in phagocytes in the alveoli, and the lymph follicles were almost 
completely free from carbon; the alveoli were either packed with carbon-filled phagocytes or 
lined with them; the alveoli containing collections of phagocytes were nearly always adjacent 
to more solid structures, such as bronchi or vessels. The appearances suggest that, over the 
period examined, the phagocytes tend to remain in these positions and show no evidence of 
migration. In animals allowed to survive for some months, an epithelial lining had formed over 
the phagocytes in a few places; this is shown in one of the 11 photomicrographs, in which a 
thin epithelial lining extends over a mass of carbon-containing phagocytes. 

From a comparison of lungs which have undergone collapse with those where collapse has 
been prevented, it is concluded that the normal position of dust-containing phagocytes is within 
the alveoli and spread out on the alveolar walls, and that they are not dislodged during respira- 
tion. When filled with dust, these cells are overgrown by a lining of phagocytic cells, which, in 
turn, become filled with dust and are themselves overgrown; deposits of dust thus formed 
appear to be in the interstitial tissue. It is suggested that the majority of anthracotic foci are 


formed in this way, rather than by deposition of the interstitial tissue or in the lymphatic system 
of the respiratory tract. E. L. Mippteton [Butt. Hye.]. 


ACCIDENTAL AND Epipemic INFECTION By COLLEMBOLE Parasites. G. Dectercg, E. Bat- 
GAIRIES, M. GUILLEMET, and C. CLarys, Rev. méd. miniére (No. 28/29) 8:3-5, 1955. 


Miners engaged in the same work were suddenly attacked by intense itching and showed 
signs of scratching. The irritation was made worse by heat and sweating. The shoulders and 
scapular regions were most affected, and the men ascribed the trouble to contact with wood 
props which they carried on their shoulders. Once started, the irritating spots persisted for 
some 15 days before fading away. Local treatment only assuaged the irritation temporarily. The 
trouble was at last traced to an insect found in the wood; measuring 1 to 2 mm., rather like a 
big flea, it was yellow with two large violet transverse bands. It was one of the numerous 
family of Collembola (springtails [Trop. Dis. Bull. 26:821, 1929]). The place of origin of the 
infected wood could not be determined. As the occasions of having to deal with such infected 
wood are rare, no definite action is proposed to avoid another epidemic. E. L. Couss. 


Curonic OccuPATIONAL BRONCHITIS IN Pyrite Miners. M. Barsotti and L. PARMEGGIANI, 
Med. lavoro 46:677-698 (Dec.) 1955. 


Through wet drilling and the improved conditions of ventilation realized in the past 10 years 
in the Tuscany pyrite mines, a remarkable decrease of silicosis has been observed among pyrite 
miners. However, respiratory disturbances of probable occupational origin are still. frequently 
found in these mines. Besides the very fine dust of the mineral and rock, sulfur dioxide can be 
traced in the atmospheric environment, produced both by the slow oxidation of the mineral in 
the tunnels and by the burning of the pyrite after slides (when the mineral is highly brittle and 
finely subdivided) and, lastly, by the burning of magnetopyrite during the explosion of mines. 
In some mines SO: is found in almost constant concentrations of 1-2 ppm, now and then reaching 
peaks above the maximum allowable. 

After a few years of work miners may show dyspnea after exertion and particularly, when 
in the mine, nightly asthmatic attacks, usually without catarrhal signs; with the passing of time 
a pulmonary emphysema may occur. Signs of pharyngotracheal irritation are frequently 
observed. The roentgenological picture shows an accentuation of the bronchovascular network, 
at times an enlarged shadow of the hili, less frequently a gross peribronchial-type reticulation 
and even miliary-type nodulation, the nodules being limited to the basal median regions. After 
removal from work in mines, workers show a rapid and remarkable improvement of the 
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roentgenological picture, but the clinical conditions almost always remain the same. Pulmonary 
tuberculosis is seldom associated. With regard to occupational insurance in Italy, such disease 
should be recognized as caused by sulfur dioxide (Item 18 of table dated Nov. 15, 1952) ; miners 
would thus profit by manifold benefits, such as being entitled to a compensation in case of perma- 


nent disability starting trom a 21% decrease of the working capacity; they would be better 
treated, and, above all, they could get rid of the fear of silicosis which at present is often mis- 
taken for chronic occupational bronchitis. Criteria for forming the differential diagnosis are 
analyzed, and suggestions are given for prophylaxis and treatment. 


From THE AuTHORS’ SUMMARY. 


INCIDENCE AND CHARACTERISTICS OF LUNG CANCER IN ASBESTOS 


Workers. G. Jacop and 
M. Bouzic, Arch. Gewerbepath. u. Gewerbehyg. 14:10-28, 1955. 


This is a study of the incidence of lung cancer among asbestos workers in Dresden, with 
numerous references to and analyses of the literature. Cancer of the lung developing in asbestos 
workers is not recognized as an occupational disease in West or East Germany. The interna- 
tional literature is based exclusively on the results of autopsies; the incidence among asbestos 
workers appears to vary between 12% and 17%. In Dresden, however, from research into cases 
at the clinic and among asbestos workers, it appears to be a rare occurrence. It is estimated 
that only about one-fourth of these workers have an effective exposure to the dust. 

In cooperation with the roentgenological and radium institutes the authors reviewed the cases 
of asbestosis reported since the middle 1930's; they numbered 339 in all stages; in the first stage, 
O-I, there were 42 women and 61 men; Stage I, 43 women and 74 men; Stage II, 32 women and 
61 men; Stage III, 13 women and 17 men. Silicosis was found in eight men. In 5 women and 
10 men active, open tuberculosis was found; in this series the incidence of active tuberculosis 
was 4.4%. Four fatal cases of lung cancer in asbestos workers, which occurred in Dresden up 
to 1954, are described. The first patient was a woman of 46, who had been employed for three 
years, when young, as an asbestos weaver; autopsy showed typical asbestosis, with asbestos 
bodies and with squamous-cell epithelioma of the right middle-lobe bronchus; no metastases 
were found; the asbestosis was not diagnosed during life, the roentgenological changes in the 
lungs having been regarded as due to congestion. The second was a man of 49, an asbestos 
weaver, in whom abestosis was diagnosed roentgenologically, with a tumor in the left lower 
lobe and one in the right radius; autopsy showed asbestosis and bronchial adenocarcinoma, with 
transitional squamous-cell epithelioma in the left lower lobe, metastases, and a caseating tubercu- 
lous lesion in the left lower lobe. The third was a woman of 57, who had worked in asbestos, 
between 1922 and 1930, for three years as a molder and five years as a weaver; she died in 
1954; there was a definite asbestosis and a solid, spreading carcinoma of the right upper-lobe 
bronchus, with infiltration of the lung parenchyma and widespread metastases. The fourth was 
a man of 66, who was known at the clinic as an asbestosis patient, diagnosed roentgenologically 
five years before; he had been employed in asbestos as an opener from 1927 to 1930 and as a 
spinner from 1931 to 1948; autopsy, in 1955, showed a right-side bronchial carcinoma, with 
widespread metastases in the lymph nodes, liver, and skeleton. 

A long discussion of the literature on cancer among asbestos workers includes an examina- 
tion of the characteristics of the disease; the duration of exposure to asbestos dust and the 
latent period between exposure and diagnosis cf cancer; the localization of the tumor, char- 
acteristically in the lower lobes; the histological nature of the tumors, the cell types and struc- 
ture, and the statistical evidence. These characteristics are no longer convincing evidence of a 
high incidence of cancer in asbestosis. In the future, cases of cancer of the lung in asbestosis 
should not be published individually but should always be considered in the framework of the 


whole asbestos industry in the region. E. L. Mippteton [Buut. Hye.] 


SPONTANEOUS FISSURING IN JOINTS IN CAISSON WorKERS. 


P. Déak, I. ROzsanecyt, and 
J. Dévar, Acta med. Acad. sc. hung. 8:125-131, 1955. 


In the course of the medical investigation of 195 caisson workers, most of whom were 
healthy young men between 25 and 30 years of age, x-ray examinations of the knee joints were 
also made. In 25 of these x-ray pictures taken in the anteroposterior position, sickle-shaped 
translucent streaks were seen between the mesial condyles of the tibia and femur, following 
the contour of the femoral condyle. In some instances, instead of a continuous streak, a few 
tiny, pearly, translucent areas were noted. These appearances are considered to be caused by 
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nitrogen gas released from the fatty tissues during decompression. After a period of two to 
three months without work in compressed air, these x-ray appearances had disappeared in all 
cases. It is believed that these changes in the normal x-ray picture are not of any significance 
in the genesis of the acute bone and joint pains of caisson workers. The literature on this sub- 


ject is described and discussed. M. E. Devarretp [Butt. Hye.]. 


Industrial Toxicology 


EpATHAMIL Disopium Catctum (Naz Ca EDTA: ApsorpTION BY THE ORAL RoutE—INTER- 
ACTIONS WITH METALS IN Vivo—DraAGNostTIc AND THERAPEUTIC Use. F. Riepers and 
H. Brrecer, Proceedings of 7th Annual Meeting, American Academy of Occupational 
Medicine, pp. 83-84, 1955. 


Orally administered disodium calcium EDTA is apparently not absorbed as much. Its total 
effect is a transfer of metal from the intestinal to the urinary route of excretion without appre- 
ciable removal of metal from the tissues. Experimental evidence supporting this statement is 
presented. Increases of urinary lead excretion by one parenteral administration of Nas Ca EDTA 
are much greater in lead poisoning than in other pathologic or normal conditions and hence are 
of diagnostic significance. In chronic occupational lead poisoning, intravenous treatment with 
one infusion per week mobilizes more lead per infusion than if the drug is given daily. Clinical 
improvement under such intermittent therapy is as rapid and as lasting as under continual 
therapy. The effect of this reagent on excretion of iron, copper, and zinc is discussed briefly. 


Inpust. Dicest. 


CapMiIuM PoIsonInc: NATIONAL INSURANCE (INDUSTRIAL INJURIES) Act 1946. INDUSTRIAL 
Apvisory Councit (A. PLant, C. R. Dare, E. De’Atu, R. E. Lane, and 
J. L. Smytu, Her Majesty’s Stationery Office, London, January, 1956. 


Acute cadmium poisoning which results from a particular incident or a limited series of 
incidents can be considered for compensation under the provisions of the Industrial Injuries Act 
which relate to “injury by accident.” The question of chronic cadmium poisoning is the concern 
of this inquiry. 

The results of Swedish investigations into long-continued, moderate exposure to cadmium 
in an alkaline battery factory are summarized. In a similar factory in England careful investi- 
gation has failed to show any evidence of ill health among the workers because of prolonged 
absorption of cadmium. The manufacture of copper-cadmium alloy in England has produced a 
syndrome among those having prolonged exposure to cadmium fume, which is characterized by 
emphysema and renal disease accompanied by the excretion in the urine of a distinctive protein. 

It is recommended that consideration for compensation of cadmium poisoning should be 
limited to persons employed in any occupation involving exposure to cadmium fumes. This 
covers both acute and chronic conditions and is based on the fact that in England the only 
firm evidence of chronic illness resulting from exposure to cadmium relates to the manufacture 
of copper-cadmium alloys. 

The criterian for making a diagnosis of chronic cadmium poisoning are discussed. 


SHERMAN S. Pinto, Denver. 


L’HyciENE ET LA SECURITE DANS L’EMPLOI DES BENZOLS. 
P. Satmon, Institut National de Sécurité, Paris, 1955. 


V. Raymonp, A. VALLAup, and 


This is a new edition of the brochure “Le Benzolisme.” Subjects covered are: characteristics 
and uses of benzene and its homologue; their manner of entrance into the human body; their 
metabolism, and the treatment and prognosis of resulting disease. Ventilation methods are 
described for the prevention of benzene poisoning. Various substitutes are given, and the matter 


of suitable labels is discussed. Joun P. Fauy, Boston. 


Leap PorsONING IN WorRKERS ENGAGED IN DEMOLITION OF ACCUMULATORS. 
Med. lavoro 46:35-38 (Jan.) 1955. 


Battery accumulators and some gas meters, when worn out and discarded, are broken down 
for the recovery of their lead content, this metal being then utilized in the manufacture of lead 
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pipes, of shot, and of certain other products. Battigelli estimates that there are no more than 
about 60 workers employed in this lead salvage in the whole of Lombardy; he tabulates the data 
concerning 18 of these workers (30%) who have been treated for lead poisoning at the Clinica 
del Lavoro in the course of 10 years. He briefly describes the type of premises, often old sheds 
and yards, in which this demolition work is carried out, and the relevant practices. He has 
measured the concentration of lead in the working atmosphere of these places by collecting the 
dust on filter paper and estimating its lead content by the dithizone method, obtaining averages 
of 1.50 to 1.90 mg. of lead per cubic meter of air, and this is about 10 times the tolerance limits 
which are usually laid down. 

In these patients the blood lead showed mean values of 1107, and sometimes as much as 
1907, per 100 cc. Examination of the urine showed that some of these patients were excreting as 
much as 3607 of lead through their kidneys in 24 hours. 


In this series of 18 cases of lead poisoning, the average period of exposure to the hazard 
worked out at only 10 months, compared with an average of 8-10 years in other patients who 
were being treated for lead poisoning from other industries—manufacture of accumulators, ete.— 
in the Clinica at the same time. 


The author discusses the preventive measures which would appear to be indicated as the 
result of his investigations, and these cover ventilation, humidification of materials and other 
surfaces to keep down dust, wearing of gloves, and discontinuing the practice of breaking the 
accumulators by hurling them on the ground. 


J. Caucui [Butt. Hye.]. 


Stupy or Tuirty-Four Cases or Leap ARSENATE POISONING IN Two FacTorIES FOR THE 
Propuction or Insecticipes. A. CapeLttint, L. PArRMEGGIANI, E. SARTORELLI, and 
G. C. MARTELLI, Med. lavoro 46:147-157 (March) 1955. 


Few cases have been recorded of lead arsenate poisoning in workers employed in the manu- 
facture of insecticides with a lead arsenate base; those recorded here are all the more interesting 
because a four-year follow-up study of some of them has been possible. 


Thirty-four chronic and eight subacute cases of lead arsenate poisoning in two insecticide 
factories occurred from 1950 onward. In both production followed the method of Luther Volk, 
an outline of which is given. Analysis showed that the air in workrooms contained heavy 
concentrations of lead and arsenate. Up to 8 mg. per cubic meter of lead was found in the blend- 
ing department and 11 mg. per cubic meter in the packing department. 


In one factory cases of poisoning occurred during an epidemic of influenza soon after a con- 
siderable increase in output, and, in the other few months after production had started. Average 
exposure ranged from two months in the packing department to six in the compression depart- 
ment. The commonest symptoms were abdominal pains, with constipation alone or alternating 
with diarrhea but rarely with diarrhea by itself, loss of appetite, dyspepsia, pain on palpation of 
the duodenal region, and mild normochromic anemia which responded well to treatment with 
liver extract and vitamin By. Cases in which the blue line on the gums, neurological symptoms, 
and dermatitis occurred were relatively rare. Coproporphyrin output increased, in one case to 
as much as 340 mg/ml. Lead excreted in the urine varied from 150 to 700 mg. per liter; lead in 
the blood varied from 65 to 185 mg. per liter. Arsenic excreted in the urine was sometimes 
above 500 mg/I., with a maximum of 870 mg/l. Compared with lead, the amount of arsenic in 
the urine diminished rapidly. Average lead excretion in the urine during work was 210 mg/l. 
[not 120 as in the summary] and excretion of arsenic, 341 mg/l. Forty days after the cessation 
of work excretion of lead was 181 mg/l. and of arsenic 25 mg/l. 


Occupational poisoning from lead arsenate presents a remarkable polymorphism of symptoms 
and evolution, because the symptoms of lead poisoning and of arsenic poisoning occur simul- 
taneously. In the conditions cited above, the danger from lead poisoning is much greater than 
that from arsenic poisoning; the presence of lead speeds up the excretion of arsenic. 


Joun RatuHsorn [Butt. Hye.]. 
Liver DAMAGE AS A RESULT OF CHRONIC INDUSTRIAL POISONING BY CARBON TETRACHLORIDE. 
H. Meyer-Leppin, Med. Klin. 50:1405-1407 (Aug. 26) 1955. 


This paper gives a full account of the illness of three workers who had been exposed for 
varying periods to the vapor of carbon tetrachloride and also to other organic solvents. The 
histories, clinical particulars, and results of laboratory investigations are given in considerable 
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detail. Liver damage was diagnosed in each instance and positively confirmed by the histological 
appearances of liver tissue obtained for biopsy. These cases are regarded as being chronic 
poisonings and are here described because chronic poisonings have been given little notice in the 
literature, although references to acute poisonings by carbon tetrachloride and similar substances 


have been frequent. M. E. Detarrecp [Butt. Hye.]. 


Errect OF SMALL CONCENTRATIONS OF CARBON MONOXIDE ON THE FLICKER Fusion TEST. 
Marte-Loutse LiInGeN, Nord. hyg. tidskr. 36: Nos. 9/10, 1955. 


With the flicker fusion test it is possible objectively to demonstrate the effect on the central 
nervous system (represented by the retina) of carbon monoxide, even when the concentration is 
so low that the exposed person experiences no, or negligible, symptoms. In studies on healthy 
persons a decrease of the fusion values was occasionally noted with exposure entailing approxi- 
mately 10% CO Hb. When the carbon monoxide concentration was raised to about 18%, 
decreased fusion values were recorded in half of the experimental subjects. In addition, certain 
persons showed a more protracted reaction. This was expressed as a positive Evipan test, 
which did not appear until the carbon monoxide had been removed from the blood. In some 
cases the test remained positive for several days. The Evipan reaction was also positive in 
subjects repeatedly exposed to low concentrations of carbon monoxide which, when employed 
singly, produced no demonstrable effect on the functions studied. Two persons who breathed 
air with a low oxygen content also reacted positively to the Evipan test. In these cases, how- 
ever, the reaction occurred while hypoxemia was still present. In contrast to the carbon 
monoxide exposure, no persistent effects were noted. 

The flicker fusion and Evipan tests in a number of persons with various neurasthenic condi- 
tions, in whom chronic carbon monoxide poisoning was suspected, revealed sensitivity to concen- 
trations of so-called carbon monoxide lower than those generally required to elicit reactions in 
healthy persons. 


From THE AuTHOR’s SUMMARY. 


Environmental Conditions 


ENVIRONMENTAL PROBLEM IN THE CHEMICAL INDUSTRIES. 
Rev. 23:385-405 (Nov.) 1955. 


This writer reviews the accident and occupational disease record of the chemical industries 
in the United Kingdom and the United States for the years 1948-1953. There was a general 
reduction of the accident rate in the United Kingdom during this period but an increase in the 
accident rate in the United States chemical industry. The increased rate in the United States 
has been the result of poor experience in certain types of chemical industries, notably soap and 
synthetic rubber. 


Kay, Internat. Labour 


To overcome this trend of increased accidents and to assist in reducing the incidence of 
occupational disease in this country, action at the plant design stage is needed. Advance consid- 
eration of the potential problems which might arise at all steps of the process and of waste 
disposal is needed. Research into the toxicity of newly developed chemicals is necessary if good 
plant conditions are to be achieved. W. D. Smatt, Boston. 


Determination of Air-Borne Contaminants 


ANALYTICAL PROCEDURES OF THE INDUSTRIAL HyGIENE Group. E. E. Camppeit, B. C. 
Evutster, Bittye Heap, Victorra E. Jounson, M. F. W. D. Moss, M. C. 
Rossins, and C. P. SkILLERN—JEAN MCCLELLAND, Compiler, Contract W-7405-eng-36, 
Los Alamos (N. Mex.) Scientific Laboratory, December, 1954. 


Procedures are presented which have been used in a wide variety of analyses on samples of 
urine, air, water, blood, oil, and other materials. The currently accepted maximum allowable 
concentration of toxic materials is given, where such information is available. Procedures are 
included for determinations of acetone, Am, anthracene, arsine, As, Ba, Be, boric acid and boric 
acids salts, Cd, chlorinated hydrocarbons, cyanide, fluorides, Fe, Pb, Li, Hg, methanol, naphtha- 
lene, nitrogen oxides, oil mists, P, Pu, Po, sodium hydroxide, sulfate ratio, trinitrotoluene, 


tritium, and U, and Zn. Nucisin Sc. Abeta. 
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RINGELMANN SMOKE CuHart. Kup (revised by L. R. Burdick), 7718 (revision of 
I. C. 6888), U. S. Department of the Interior, Bureau of Mines, August, 1955. 


The Ringelmann Smoke Chart is a visual index, ranging from white through four shades 
of black, used to determine whether smoke emissions are within permissible limits. It is widely 
used by law-enforcement officers in areas that have adopted standards based on the chart. This 
circular describes its history, construction, and use; included are an illustrative example and a 
copy of the chart. 


C. E. Bittincs, Boston. 


COMPARISON OF THE SMOKESCOPE AND THE RINGELMANN Cuart. L. W. Buroick, 5162, 
U. S. Department of the Interior, Bureau of Mines, September, 1955. 


The Smokescope is an instrument recently developed for determining the density of smoke 
by direct optical comparison. A view of the smoke and the light from the area adjacent to the 
stack pass through parallel tubes and are combined in a single image. The smoke appears to be 
at the center of a circular field of two shades of gray, corresponding to Numbers 2 and 3 on 
the Ringelmann Chart. Many city smoke regulations are based on comparisons of smoke 
density with shades on the Ringelmann Chart. This report discusses corrections to be applied 
to the Smokescope, obtained from a large number of observations under controlled smoke 
conditions. Smokescope corrections varied with the smoke density and with the amount of 
light, but were unaffected by background sky conditions. The average correction did not exceed 


minus 0.30 or plus 0.37 Ringelmann under any condition. C. EB. Buzmex Bess 


ANNULAR Impactor. G. W. C. Tart, Report AECL-130, Atomic Energy of Canada Ltd., 
Chalk River (Ont.) Project, June 22, 1955. 


An air-sampling device is described, based on the impaction principle. It differs from previ- 
ous instruments in being capable of sampling at very high rates of the order of 700 liters per 
minute. This has been achieved by using a very simple arrangement of the impactor parts, with 
the jet in the form of an annular ribbon. It appears particularly useful for application to the 
sampling of dusts containing long-lived alpha emitters. Such dusts heretofore have been difficult 
to assess owing to the presence of appreciable concentrations of natural radon decay products. 
The impaction device differentiates sharply between most relatively coarse industrial dusts and 
the finer natural dust on the basis of a separation between particles greater than and those less 
than 0.54 diameter. Good discrimination is achieved, since dusts arising from most technical 
processes have a mass median well over 14, whereas radon decay products have been found 
elsewhere to be preferentially associated with particles less than 0.044 diameter. Results of field 


testing are given. Nuc ear Sc. Apstr. 


INVESTIGATION OF ATMOSPHERIC PoL_LuTION: A Report ON OBSERVATIONS IN THE TEN 
Years Enpep 3lst Marcu, 1954. Twenty-Seventh Report, Department of Scientific and 


Industrial Research, H. M. Stationery Office, London, 1955. 


This report summarizes measurements of soot-fall (by deposit gauges), suspended matter 
(by filter stain), and sulfur dioxide (by volumetric dioxide and lead peroxide methods) for the 
10-year period from April, 1944, to March, 1954. Comparative data for the period 1939 to 1944 
(from Report 26) are also included wherever possible. In March, 1954, there were 1446 instru- 
ments in use in England, Scotland, and Northern Ireland, representing a ninefold increase during 
the 10 years. Although national average coal consumption increased about 10% over this 
period, average suspended matter appeared to decrease about 15% and average sulfur dioxide 
about 6%. Average deposited matter increased about 11%. There was a slight decrease in 
domestic coal consumption during this period, reflecting a shift to other sources for home 
heating fuel. Results of this survey indicate relative contributions of domestic and industrial 
heating to the over-all air-pollution problem. Data are presented for general, regional, and 
local trends on an hourly, daily, and monthly basis. Special investigations of the Fuel Research 
Station, dealing with air-pollution instruments, surveys, and abatement, are described briefly. 
An Appendix contains 52 references published during this 10-year period by members of the 


F. R. S. and others associated with this study. C. E. Burnes, Bestes: 
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Ventilating, Air Conditioning and Engineering Control 


RECOMMENDED SAFE Practices FOR INERT-GAs Metat-Arc WELDING (TENTATIVE). Publica- 
tion A6-1-5T, American Welding Society, New York, 1955. 

This report represents the findings of a subcommittee of the Committee on Safety Recom- 
mendations of the American Welding Society and is based on laboratory studies, the experience 
of industry to date, and an extensive review of the literature and industrial records. The findings 
show that no significant hazards exist from either ozone or nitrogen oxides and, contrary to 
some earlier reports, that there is no dangerous amount of radioactivity given off by thoriated- 
tungsten electrodes. The report, however, focuses attention on the hazard of trichloroethylene 
when used in the vicinity of inert arc welding. Decomposition of its vapor by radiation from 
the welding produces noxious fumes, including phosgene. Therefore, even minute quantities 
should not come in contact with the welding arc. Other hazards include ultraviolet radiation 
and metal fumes. Adequate control measures for protection from these hazards are outlined. 


Inpust. Dicesr. 


Dry Dust SUPPRESSION AND PercussivE Drituinc. B. G. Fisu, D. MAtsHMan, and J. S. 
BarKER, Colliery Eng., pp. 55-60 (Feb.), pp. 101-106 (March), and pp. 157-162 (April) 
1955. 


“The dust produced during percussive drilling in British mines is controlled in the vast 
majority of cases by the application of water.” “Dry methods” have had but limited use or trial 
in Britain and have been looked upon as poor alternatives to accepted wet methods. 

The authors investigated, both underground and at the Research Laboratories of the National 
Coal Board, three of the most promising systems presently recommended for dry drilling with 
dust suppression. 1. In the Belgian hood a tapered steel spiral is inserted into the collar of the 
drill hole and constrained by it, allowing sufficient internal diameter for the normal operation of 
the drill. The spiral is surrounded by a flexible rubber cowl. Dust-laden air flows outward 
from the tip of the drill steel precisely as in the Kelley trap tried out extensively in the United 
States and elsewhere around 1935-1945. 2. The Hemborn suction head takes the form of a 
swivel fitting over the specially designed shank end of the drill tools. The drill steel consists of 
a hollow circular cross section. The channel in the rod leads through a transverse hole to connect 
with the annular groove in the swivel. Dusty air thus passes from the tip of the bit right up 
through the shaft of the bit itself and is drawn off by the side-arm before the drilling machine 
proper. The bit designed for use with this equipment is provided with holes on its face of con- 
siderably larger diameter than those used in wet drilling. 3. The Dryductor drill is specially 
constructed for the dry removal of cuttings from the hole in the rock. In the steel itself is a hole 
at least 3 in. in diameter. The bits are of 1 in. hexagonal steel and are cruciform-shaped, with 
four holes through the face and without the side clearance grooves common to ordinary bits. 
With this device dusty air is sucked right up through the drill mechanism, which is protected 
from abrasion by a dust tube, and passes out to the dust collector through a short length of 
abrasion-resistant hose. 

The dust trap and filter mechanism for cleaning the effluent air are designed to be movable 
by two men and consist essentially of an impinging or centrifugal separator which discharges 
into air filters. Performance tests show collections of 90% to 99% efficiency by thermal 
precipitator counts and presumably much higher by weight. 

The authors believe that either of the last two methods outlined above have promise for their 
conditions in Britain. There is no intimation that they might be applicable to United States or 
Canadian mining. Test rock drilled included one, Pennant rock, with some 94% quartz on which 
the device performed nicely. In wet rock the authors expect trouble. 

This abstracter witnessed many trials of the Kelley trap and the collector which accompanied 
it. It ultimately failed in practical mining work for several good reasons—disposal of collected 
material underground, too much additional equipment, loss of temper of steels as compared with 
wet drilling, likelihood of steels being frozen fast (by squeezing) in wet rock. Use of rotary 
drills in the future may change the picture materially and make some such underground dust 
collector of interest again, but at this date there are no data or tests, so far as we know, 
indicating the applicability of this system to mining practice on this continent. 


Puitip DRINKER. 
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Corton Weavine Facrortes: ARGEEMENT CONCERNING FENCING OF MACHINERY, First Alp 
AND OTHER SAFEGUARDS. Ministry of Labour and National Service, H. M. Stationery 
Office, London, 1955. 


The recommendations of the Joint Standing Committee of Cotton Weaving Factories, 
embodied in the agreement here published, are an example of the excellent terms existing for 
many years among all concerned with the industry, whether employers, employees, factory 
inspectors, or makers of textile machinery. The Standing Committee is composed of all these 
authorities and meets from time to time to consider improvements in practice outside the bare 
provisions of the Factories Act. Inventors of some improved fencing devices to which the 
attention of the Committee may be drawn, maybe by an inspector, are usually ready to allow 
them to be approved and adopted by the industry; several examples of such devices are illus- 
trated in the appendices, with acknowledgment to the originators. The wording of the agree- 
ment is only intended to be understood by the trade and is decidedly technical. “Tappet and 
twill motion wheels on all looms whether , shall be fenced, unless they are safe 
by position behind the balance wheel, with the ingathering point on the side next the slay” does 
not make easy reading. 

Women’s hair should be kept tied up, and no loose garments should be worn amid moving 
machinery. Machinery in motion must not be cleaned. Weights exceeding 28 lb. are not to be 
regularly lifted. First-aid appliances should be organized in quiet places associated with rest 
rooms. For the treatment of splinter accidents there are to be provided (a) a 2% alcoholic 
solution of iodine, (b) a pair of stainless steel forceps kept in a suitable disinfectant, and 
(c) sterilized dressings of a size suitable for the part affected. A responsible person is to be in 
charge of first-aid equipment, available when required but not necessarily full-time. The guards 
illustrated in Appendix A are good examples of clever and useful devices. The shepherd’s crook 
system of weighting looms is looked upon with disfavor ; one member proposed that it should be 
dispensed with as early as possible. The agreement should be consulted and adopted by all 


concerned. E. L. Cottts 


CoNTROL OF CONCENTRATIONS OF Dust IN WORKPLACES OF THE GOLD Mines oF K1Lo-Moro. 
G. Pivont and J. Laurent, Arch. belges méd. soc. 13:44-51 (Jan.) 1955. 


Some account is given of steps taken to ensure the health of miners employed below ground 
in the gold mines of Kilo-Moto, in the Belgian Congo. The plan adopted was borrowed from the 
gold mines on the Rand, in South Africa, and was aimed in particular against silicosis, since 
the gold is being obtained from rocks containing a high percentage of silica. The drills used have 
central water supply to prevent the formation of dust as the drills perforate the rocks. A water 
blast comes into play after shot firing to wash down gases and dust. The air is sampled by a 
konimeter for dust particles and by thermal precipitation. The aim is that dust particles less than 
5u in size shall not exceed 200 per cubic centimeter of air. The human side is attacked through 
a strict medical examination before work, with an x-ray of the chest which is repeated every 
six months. There is a period of apprenticeship of six months before going to work under- 
ground. Great care is taken to exclude tuberculous infection, and the families of miners are 
vaccinated with B. C. G. During the period 1943-1953 no case of silicosis has been detected. 


E. L. Cottis. 


Accidents and Their Prevention; Protective Equipment 


Stupies oF FrasnH Burns: INFLUENCE OF TRANSMITTANCE OF FABRICS ON PROTECTIVITY. 
G. MrxTeR Jr. and L. J. Krotax, Contract W-7401-eng-49, Atomic Energy Project, Uni- 
versity of Rochester, May 20, 1955. 

The spectral transmittance of certain fabrics has been studied, and the specific transmittance 
by them to the 24 in. carbon arc output has been calculated. A method is proposed for correcting, 
for the transmittance parameter, previously published predictions of the median effective exposure 
for porcine skin under cotton fabrics (based on exposure time, reflectance, and fabric weight). 
The degree of correspondence between these corrected estimates and the observed data is shown. 


Nuc ear Sc. ABSTR. 
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AMERICAN STANDARD SPECIFICATIONS TO MINIMIZE HAZARDS TO CHILDREN FROM RESIDUAL 
SurracE CoatTinc Martertars. Standard Z66.1-1955: Sponsor, American Academy of 
Pediatrics. American Standards Association, Inc., New York, Feb., 1955. 

The specifications cover requirements for coatings for children’s toys, furniture, or interior 
surfaces so as to minimize the danger of poisoning by chewing off and swallowing. The specifi- 
cations include lead content not over 1% of the solids and no compounds of antimony, arsenic, 
cadmium, mercury, selenium, or barium soluble under specified conditions. A specification for 
labeling is also given. Inpust. Hyc. Dicest. 


SaFety Factors IN EQUIPMENT FOR THE APPLICATION OF HIGHLY Toxic INSECTICIDES. 
KincsLey Kay, Canad. J. Pub. Health 46:273-281 (July) 1955. 


This article begins with a review of the equipment available for dispersing insecticides and of 
the available literature pertaining to its use. Available equipment includes aircraft, mechanical 
spray, misting, dusting, and hand-type equipment. The hazard associated with the use of each 
type of equipment is discussed, and some points of desirable modification are mentioned. There 
is an obvious need for development and improvement in all the various types of equipment, 
especially as insecticides become more hazardous. 

The author believes that safety of use of insecticides will not be attained through personal 
protective measures and medical control. Safe operation must be attained through properly 
designed equipment, with greater emphasis on automation. W. D. Sat, Boston. 


SuBJECTIVE TRouBLES AMONG CoAL MINERS AFFECTED WITH AMETROPIA. M. MAULER, 
Arch. mal. profess. 16:478-480, 1955. 


Examinations of coal miners disclosed that some, working at the coal face with poor 
vision and even with astigmatism, experienced severe headaches at work or on leaving work. 
They should only have been engaged with the proviso that they wore spectacles correcting 
their imperfect visual acuity. Some 280 of such miners were examined. No relation was 
found between errors of refraction and miners’ nystagmus. Advantage was found from the 
use of “cap lamps” rather than ordinary miners’ lamps, but care should be taken to have 
diffused light instead of concentrated beams. Coal does not reflect light but absorbs it. Ametropes 
wearing suitable correcting lens find that their headaches, sensation of dazzle, while working 
at the coal face, soon disappear. The glass of spectacles is seldom broken, and much more 
seldom does broken glass ever injure the eyes. Those fearful of such unusual accidents may wear 
plastic lens in their spectacles. When men are being engaged for work at the coal face, 
attention should always be paid to eyesight and the presence of errors of refraction; where 
necessary they should be called upon to wear suitable spectacles. Comfort and output are 
thereby improved. EL. Conus. 


ASPHYXIA FROM OxyGEN Lack IN UNDERGROUND WorkKINGs. A. StoKty, Arch Gewerbe- 
path. u. Gewerbehyg. 13:584-600, 1955. 

This paper gives some technical details of the construction of shafts and adits required for 
the purpose of hydroelectric power installations and records the circumstances in which a 
worker lost his life, owing, it is believed, to oxygen lack in an underground shaft. Some other 
similar cases are described and discussed in considerable detail. Clinical particulars are also 
given of cases in which illnesses suffered by workers were regarded as attributable to the 
same cause. The evidence on which the diagnosis of asphyxia due to oxygen lack was based 
is described. It is believed that the oxygen was reduced to a dangerously low level through 
biological oxidation, as rotting wood is known to take up oxygen. 

The need for taking all precautions and for adequate instruction of workers in the practical 
use of oxygen apparatus is stressed. M. E. Decarietp [Butt Hyc.]. 


Radioactive Substances and X-Ray 
Late Errects oF BETA RADIATION OF THE Eye. Grorce R. MERRIAM Jr. A. M. A. Arch. 
Ophth. 53:708-717 (May) 1955. 
Conservatism in the use of beta radiation in superficial ophthalmic lesions is urged, inasmuch 
as numerous late effects have been observed. These are telangiectasis of the conjunctiva, 
keratinization of the conjunctival epithelium, atrophy of the sclera, superficial punctate keratitis, 
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corneal vascularization, corneal scarring, iritis, iris atrophy, and radiation cataract. It is sug- 
gested that the current high-dosage schedules be reduced. It is felt that doses of 2000-3000 rep 
on the surface would be more judicious and that a surface dose of 5000 rep should seldom be 


exceeded in the treatment of benign lesions. Nucuzsa S& Abate 


METHOD FOR MEASURING THE RATE oF ELIMINATION OF RADON 1N Breatu. A. F. STEHNEY, 
W. P. Norris, H. F. Lucas Jr., and W. H. Jounston, Am. J. Roentgenol. 73:774-784 
(May) 1955. 

Equipment and procedures are described for measuring the time rate of elimination of radon 
in exhaled air. The accuracy and sensitivity of the analysis are improved by sampling large 
volumes of exhaled air from which radon is absorbed on charcoal. Interference with normal 
breathing is negligible, because subjects breathe through large diameter tubing into a flexible 
bag from which the sample is drawn through the collection apparatus under a small vacuum. 
Sampling periods of 30 minutes’ duration are common. The radon is measured in a low back- 
ground proportional counter or in an ionization chamber which is connected to an electrometer. 


The feasibility of extending radon analyses to normal body burdens of the order of 10° gm. 
Ra is discussed. Nuciear Sc. Apstr. 


Stupies OF THE METABOLISM OF Raptum IN Man. Wrtttam P. Norris, THomas W. 
SPECKMAN, and Puitip F. Gustarson, Am. J. Roentgenol. 73:785-802 (May) 1955. 


The retention of radium was studied in a group of 19 patients who received multiple intra- 
venous injections of radium chloride (107 radium element per dose) at weekly intervals over 
periods ranging from two to six months during 1931. Results were available from measurements 
on Ra retention made on two separate occasions within the first year following administration 
of the RaCl, and unopened samples of the RaCl, used for the injections were obtained for 
comparative analysis. Measurements were made for radium content in 1951 and again in 1953. 
Results are presented in tabular form and are compared with the earlier data. 


Sc. Apstr. 


Some Errects or Periopic X-Rapration. L. E. Moon, H. F. Harrow, and G. P. 
Science 122:863-864 (Nov. 4) 1955. 


The effect of repeated mild doses of x-radiation on progressive physiological and behavioral 
changes in animals was studied. Twelve of twenty-three monkeys were exposed periodically. 
The results of other researchers are confirmed in showing that divided doses are not as lethally 
effective as a single dose, but no definite estimate of L. D.. is justified. Weight, appetite, and 
locomotor activity were adversely affected. Every irradiated animal subjected to autopsy showed 
severe pathological changes in at least one organ system, most frequently the lungs, heart, 
kidneys, and large intestine. Anemia occurred in a number of animals. Prior to radiation the 
animals were given extensive training on various tests that have been shown to differentiate 
between normal animals and those with various types of brain damage. No evidence of brain 
damage due to radiation is indicated on the basis of these tests; in fact, on the average, the 
irradiated monkeys were significantly superior to the controls on both oddity and delayed- 
response tests during the last two tests’ months, even on the verge of death. 


Inpust. Hye. Dicest. 


X-Ray Protection. Handbook 60, U. S. Department of Commerce, National Bureau of 
Standards, available from the Superintendent of Documents, Washington 25, D. C., price 


$0.20. 


This handbook supersedes Handbook 41, “Medical X-Ray Protection up to Two Miilion 
Volts.” The new handbook is not restricted to the medical uses of x-ray equipment. New 
material presented in Handbook 60 includes the areas of planning of facilities, health and 
monitoring of personnel, and structural details of protective barriers. Data are presented in 
the form of tables and graphs to enable the x-ray-facility designer to compute the shielding 
requirements. Operating rules are presented to minimize the exposure to personnel. 


W. D. SMALL, Boston. 
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REGULATION OF RADIATION Exposure By LeGIsLativE MEaNs. Handbook 61, U. S. 
Department of Commerce, National Bureau of Standards, available from the Superinten- 
dent of Documents, Washington 25, D. C., price $0.25. 


This handbook endeavors to present the problems associated with the safe use of radiation 
and the susceptibility of the problems to control by legislative action. In broad terms the 
handbook defines the philosophy which should underlie the formation of a state radiation 
regulatory code and the measures to be provided for enforcing this code. A model code is 
presented as an appendix. Handbook 61 is written in nontechnical language and with the 
understanding that problems associated with the regulatory control of radiations vary among 
the several states. It does not at any time state specific lines to be followed by all the states. 
By drawing attention to the various factors to be considered in passing legislation, the writers 
hope to achieve a certain necessary amount of similarity among codes to be formulated by 


the states and among enforceable codes in all the states. W. D. Smatt, Boston. 


RaprotocicaAL Hazarps FROM NUCLEAR EXpPLosIONS AND Nuc Lear Power. J. Cockrort, 
Nature 175:873-875 (May 21) 1955. 


The level of radioactive contamination in the world produced by all the nuclear bomb 
explosions and peaceful atomic energy activities is at present so low that it should not cause 
any anxiety. The radiation level which would give rise to serious harmful effects is probably at 
least a thousand times the present level of contamination. We do not at present know this figure 
with any accuracy, and long-time genetic studies are required to determine it. 


CONDENSED FROM AuTHor’s ConcLusions [INpbust. Hye. Dicest]. 


RADIOLOGICAL TO PERSONS IN THE U. K. Due To Desris From Nuclear Test Expio- 
sions. N. G. Stewart, R. N. Crooks, and E. M. R. Fisuer, Great Britain Atomic Energy 
Research Establishment, Harwell, Berks, England, june, 1955. 


The size and distribution of the radioactive dust particles in the cloud from a nuclear explo- 
sion depend both on the power of the weapon and on the manner in which it is exploded, 
whether on the ground, on a tower, or high in the air. The larger particles fall to earth rela- 
tively close to the site of the explosion, but in every type of burst a considerable fraction of 
the total radioactivity generated is contained in fine dust particles whose rate of fall under 
gravity is small and which may therefore remain air-borne long enough to diffuse widely 
throughout the atmosphere and affect large areas of the earth’s surface. An account is given 
of the methods that have been used to measure the amount of radioactive material in the air 
above the United Kingdom and the amount deposited on the ground as a result of all weapons 
exploded since January, 1951. Based on these measurements, an estimate is made of the integral 
gamma dose received by the average inhabitant of this country during his lifetime from all 
nuclear tests held to date. An estimate is also made of the dose that will ultimately be received 
per person per generation if bombs continue to be exploded at the present rate. 


Nucvear Sc. Apstr. 
Sarety MEAsuRES IN Hanpiinc Raproactive Isorores. S. M. Goropinsku and G. M. 
PARKHOMENKO, Medgiz, Moscow, 1955. 
A popular pamphlet for persons working with radioactive isotopes. [Book in Russian on 


display at Geneva Conference. ] Nucusas Sc, 


SANITARY REGULATIONS AND INSTRUCTIONS FOR HANpbLING Rapioactive Isoropes. Medgiz, 
Moscow, 1955. 


This is an official instruction approved by the State Sanitary Inspection of the U. S. S. R. 
Ministry of Health. The rules provide the requirements for industrial premises and equipment 
of places for work with radioactive isotopes. There are instructions for intralaboratory trans- 
portation and storage and an exposition of prophylactic measures for personnel. [Book in 


Russian on display at Geneva Conference.] Sc, 
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Compiled by U S. fsa of Health, Education, and Welfare - Public Health Servlee 
Occupational Health Program, 1014 Broadway, Cincinnati 2, Ohio 


AIRBORNE RADIATION HAZARD 


The advance of man into the atomic age is 
made safer by the knowledge of the industrial 
hygienist. One role of this phase of preventive 
public health was ae Reig recently in an 
official release made by the U. 
Convair in Fort Worth, 
powered aircraft. 


Air Force and 


concerning atomic- 


For five years, personnel of the Industrial 
Hygiene Section, Division of Sanitary Engi- 
neering of the State of Texas Department of 
Health, have been working with the U. S. 
Air Force and Convair on health physics 


experiments in connection with the control 
of hazards in atomic-powered aircraft. 

Martin C. Wukasch has participated 
the bulk of the work involving a review of 
related health programs and _ precautions. 
Recently, on certain phases, he has been 
assisted by Ralph G. Griffin Jr. and Ted 
Ferris, of the Fort Worth office of the 
section. 

The official release on the experiments 
follows : 


The Air Force and Convair-Fort Worth are 
engaged in an experimental project as part of a 


This is the type of plane, a B-36, with six pusher-type reciprocating engines and four jet engines, 
which carried aloft an atomic reactor in a study of some of the problems connected with atomic-powered 
aircraft. 


| 
\ 
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program to develop an atomic-powered aircraft. The 
project includes a B-36 which carries an atomic 
reactor (type shown in the Figure). 

Among other things, the reactor is used to inves- 
tigate problems of shielding against radiation; to 
study effects of radiation on aircraft, materials, and 
systems, and to develop airborne nuclear instru- 
ments. 

The Air Force and Convair have carefully re- 
viewed problems of hazard which might be involved 
in the tests and have taken every precaution for 
public safety. 

The reactor is never operated during takeoffs and 
landings. It is operated only when the aircraft is 
flying over a predesignated area where maximum 
public safety is attainable. Precautions taken also 
include informing local public officials throughout 
the Southwest concerning public safety measures 
to be taken in the unlikely event of an accident. 


A. ARCHIVES 
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In the past months the aircraft has made numer- 
ous successful flights during which the reactor was 
operated. The aircraft presently is on the ground 
at the Convair plant undergoing preparations for 
further test flights. 

Official public announcement will be made by the 
Air Force and Convair on further developments in 
this project. 

In addition to their airborne activities, the 
Texas Health Department also made careful 
review of Convair’s preflight and postflight 
procedures, since these require removal of 
the reactor from a shielded storage area and 
placing it into the plane. 

Review also was made of emergency plans 
in the event of a forced landing or crash away 
from the Forth Worth base. 


Association of Industrial Medical Officers 
Schedules Anniversary Meeting in Fall 


A provisional program for the 21st Anni- 
versary Meeting of the Association of Indus- 
trial Medical Officers, to be held from Sept. 
24 to 28, in London, has been published, and 
invitations have been sent to a number of 
American physicians in the field of occupa- 
tional medicine. 

Host for the meeting will be the London 
group of industrial medical officers, headed 
by Dr. P. A. B. Raffle, London transport 
executive. Dr. R. S. F. Schilling, of the Nuf- 
field Department of Occupational Health, 
University of Manchester, is president of the 
national association. 

All scientific sessions except the Mackenzie 
Memorial Lecture will be held at the London 
School of Hygiene and Tropical Medicine, 
headquarters for the anniversary meeting. 
The Mackenzie Memorial Lecture will be 
held at the British Medical Association 
House. 

PROVISIONAL PROGRAM 
Monpay, Sept. 24 
Afternoon: Registration 


Reception by the London group of the 
association. 


Evening: 
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TuespAy, Sept. 25 
Morning: Inaugural meeting, to be opened by the 
Minister of Labor and National Serv- 
ice. 
Presidential address by Dr. R. S. F. 
Schilling. 
Afternoon: The British Medical Association Mac- 
kenzie Memorial Lecture. 
Lecturer: R. S. F. Schilling, M.D., 
M.R.C.P., D.P.H., D.I.H., Reader, 
Nuffield Department of Occupa- 
tional Health, University of Man- 
chester ; Editor, British Journal of 
Industrial Medicine. 
Evening: Reception. 
WEDNESDAY, SEPT. 26 


“Research in Occupational Health.” 
Chairman: M. W. Goldblatt, C.B.E., 
M.D., M.R.C.P., Ph.D., D.I.H., Direc- 
tor, Industrial Hygiene Laboratories, 
Imperial Chemical Industries, Ltd. 
Speakers: The Earl of Verulam, M.A., 
F.I.LA., Comp. LE.E., J.P., Chair- 
man, Enfield Rolling Mills, Ltd. 
Sir Harold Himsworth, K.C.B., 
M.D. F.R.C.P., F.R.S., Secretary, 
Medical Research Council. 
Discussion: Opened by J. N. Morris, 
MA, MCP. De 
rector, Social Medicine Research 
Unit, Medical Research Council. 


[74] 


Morning : 


OCCUPATIONAL 


Afternoon: 


Evening: 


Morning : 
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HEALTH NEWS 
Visits to: Royal Mint. 
London Transport Coach Works, 
Aldenham. 
International Telephone 
and Post Office Railway. 


Reception. 


Exchange 


TuHurspay, Sept. 27 
Lecture-Demonstration on “Weight 
Handling.” Chairman: A. J. Amor, 
C.B.E., M.D., M.Sc., Principal Medical 
Officer, Imperial Chemical Industries, 
Ltd. 

Speaker: Mr. Robert Maxwell, Senior 
Physiotherapist, Ardeer Factory, 
I.C.1., Ltd., Stevenston, Ayrshire. 

Demonstration by two Weight Hand- 
ling Instructors. 

Lecture: “The Impact on Medicine 
and Industry of the Use of Atomic 
Energy.” Chairman: W._ Blood, 
OBE. MEGS, 
Senior Medical Officer, J. Lyons & 
Co., Ltd. 

Speaker: E. Katharine Williams, B.Sc., 
M.B., B.Ch., M.R.C.P., D.I.H., Re- 
search Group Medical Officer, Atom- 
ic Energy Research Establishment. 

The John C. Bridge Memorial Lecture. 

Chairman: S. A. Henry, M.A., M.D., 


Evening: 


Morning: 


Afternoon: 


formerly H.M. Medical Inspector of 

Factories. 

Lecturer: Professor R. E. Lane, M.D.. 
M.Sc., F.R.C.P., Nuffield Professor 
of Occupational Health, University 
of Manchester; Physician, Salford 
Royal Hospital. 

Anniversary Dinner, Royal College of 

Surgeons. 

Fripay, Sept. 28 

“Mental Health in Industry.” Chair- 

man: L. G. Norman, M.D., B.Sc. 

M.R.C.P., D.P.H., Chief Medical Offi- 

cer, London Transport Executive. 

Speakers: R. F. Tredgold, M.D., 
D.P.M., Physician, Department of 
Psychological Medicine, University 
College Hospital. A. Heron, M.Sc., 
Ph.D., Deputy Director, M.R.C. 
Group for Research on Occupational 
Aspects of Aging, University of Liv- 
erpool. 

Discussion. 

Closure of the Meeting by the Presi- 

dent of the Association of Industrial 

Medical Officers. 

Golf Competition for the Stewart Cup, 

at Royal Mid-Surrey Golf Club, or 

Tour of the London Docks. 
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THE OCCUPATIONAL DISEASE 
NO ONE TALKED ABOUT 


Numerous employees of the X printing com- 
pany experienced certain symptoms following 
consumption of alcoholic beverages. Thinking 
that these reactions were related only to them- 
selves individually, they had never discussed 
their problem with each other. Thus, an occu- 
pational health hazard went undetected for 
several years. Finally, a widespread outbreak 
of the symptoms at a company gathering led 
the men to suspect that something in the working 
environment was causing the reaction. Subse- 
quently, a complaint was made to management, 
setting in motion the first step toward discover- 
ing the cause of the mysterious reaction. 


Following receipt of a complaint signed by 
64 workers, stating that they developed 
unpleasant reactions if they drank any alco- 
holic beverages, a survey was made by the 
X printing company’s medical consultant 
(Dr. William Lewis) and a consulting der- 
matologist (Dr. Louis Schwartz). An inter- 
view with the workers affected revealed that 
the symptoms consisted of flushing of the 
face, red nonitching blotches which coalesced, 
redness of the eyes, drowsiness, shortness of 
breath, and palpitation of the heart. The 
symptoms sometimes arose within 10 minutes 
after consumption of as little as 6 oz. of beer. 
The severity of the reaction, however, was 
directly proportional to the amount of alcohol 
consumed. The workers stated that the symp- 
toms became more marked in the winter 
when the workrooms were heated and the 
windows closed. The symptoms occurred 
only among workers on the second floor of 
the plant, especially those working in the area 
of the color presses. 


The second floor consists of one large 
room, about 200 by 200 ft., in which are 
employed a total of 160 workers. There are 
22 printing presses in the room. Each of the 
black-and-white presses contains 12 rollers 
composed of neoprene rubber, 60 in. long 
and 3% in. in diameter. The color presses 
have about 40 rollers each. These rollers are 
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60 in. long and about 5 in. in diameter. The 
rollers in the presses are washed two or 
three times a day, the washing solution con- 
sisting of a mixture of acetone and a volatile 
petroleum solvent, naphtha. The men doing 
the washing work with bare hands, using a 
cloth dipped into a large bucket of this solu- 
tion to wipe the ink off the neoprene rollers 
and the plates. 

On the color presses, a powder consisting 
of starch and sulfur drops on the printed 
sheets as they rapidly pass under it. Over the 
powder there is a neon light. A strong odor 
of ozone is discernible around this area. 

It was observed that the rollers, after being 
washed and allowed to stand for several days, 
develop a tacky surface. A possible explana- 
tion was that the solvents in the ink as well 
as those used to remove it were absorbed 
by the rubber and then evaporated on stand- 
ing, thereby making the rubber on the surface 
tacky. 

Inquiry into any changes in the printing 
process or in the supplies revealed that none 
had been made during the past three years. 
The last additional equipment was introduced 
in 1949, and there had been no plant struc- 
tural or ventilation changes since that time. 

A review of the literature revealed that 
the symptoms shown by the workers have 
been reported as occurring among workers 
manufacturing tetramethylthiuram disulfide, 
among workers making calcium cyanamid, 
and among those eating the mushroom Copri- 
nus atramentarius and those ingesting animal 
charcoal. All these possibilities were ruled 
out, except for the tetramethylthiuram di- 
sulfide, an accelerator used in the manu- 
facture of rubber. 

To confirm the occurrence of the symp- 
toms described by the workers, detailed ex- 
aminations and laboratory studies were made 
of five workers selected from those working 
on the second floor. All five were moderate 
drinkers. However, only four—men who 
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worked on the color presses—complained of 
having experienced the reaction. The fifth 
subject selected for study worked on the 
black-and-white presses. After the first ex- 
aminations were made, the men were sent 
to a neighboring tavern and each had at least 
one glass of beer. They then returned for 
further observation. Ten to thirty minutes 
after they had taken the beer, the charac- 
teristic symptoms of the reaction appeared. 
In addition, there was an increase in the full- 
ness and the rate of the pulse, but there was 
no change in the blood pressure. There was 
shortness of breath, but no wheezing. There 
was redness of the eyes, and the face and 
upper body appeared flushed. Blood and 
urine studies made prior to and after the 
ingestion of the alcohol, including studies 
made on the following morning, failed to 
reveal any evidence of liver or kidney in- 
volvement or of any other disease. The com- 
pany was immediately notified and reassured 
that there was no permanent illness or disease 
involved in the reaction. This tended to lessen 
the mass hysteria among the workers. 


At this point in the investigation the data 
pointed to the thiuram disulfide as the most 
likely cause of the condition, but there re- 
mained the possibility that the latex in the 
paper, the powder containing sulfur and 
starch which was used on the presses, the 
ink (especially the yellow pigment), or the 
antiskinning agent in the ink might be the 
cause. The following experiments were then 
performed in an effort to isolate the actual 
agent or agents causing the condition. 


After having been out of the plant for 
20 hours, one of the workers was given a 
drink of whiskey. After one-half hour no 
symptoms were observed. He was then given 
a second ounce of whiskey, and aiter another 
half-hour still no symptoms were observed. 
Finally, a third ounce of whiskey was given 
him. When no symptoms were observed two 
hours after he took the first drink, it was 
concluded that the effects of his exposure in 
the shop had worn off. This conclusion was 
strengthened by the fact that this worker had 
previously had a reaction when he drank beer 
[77] 


immediately after stopping work. It was 
learned that for approximately one week 
before this experiment the ventilation in the 
plant had been increased to dilute the con- 
centration of whatever there was in the air 
that caused these symptoms. Since the ven- 
tilation had been increased, some of the 
workers had taken alcohol and had failed to 
develop the symptoms which they had previ- 
ously experienced. 

The worker under study then returned to 
the plant, and the management was asked to 
stop the extra ventilation and expose the 
workers to the conditions which originally 
obtained in the shop. After he had been 
working under these conditions for four days, 
he was given 11% oz. of whiskey immediately 
after work, and in less than one-half hour he 
developed the typical symptoms. At the same 
time another employee working on the second 
floor and exposed to the same conditions was 
given 1% oz. of whiskey, following which he 
developed the same symptoms. Blood samples 
were secured from the two men before they 
were given the alcohol and after the reaction 
was established. Analysis of the blood re- 
vealed that, even before the alcohol was taken, 
the acetaldehyde content was markedly in- 
creased. After the alcohol was taken and the 
symptoms developed, the acetaldehyde was 
further markedly increased (33.3% above 
what it was before the alcohol was taken). 
It was thus established that exposure to the 
atmosphere on the second floor caused these 
symptoms to develop if alcohol were taken 
immediately after the exposure. 


An investigation was then made to deter- 
mine the possible offending agents in the 
atmosphere. With the elimination of various 
possibilities, the investigation narrowed down 
to the effect of the antiskinning compound 
in the inks. 


A visit to the ink company supplying the 
ink used in the plant revealed that the amount 
of antiskinning compound had been increased 
in the past 18 months up to about two and 
one-half times the previous level. It was 
further learned that some workers in the ink 
plant also complained of symptoms similar 
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to those reported in the printing company. 
The workers particularly affected were those 
mixing the yellow ink. Since a higher con- 
centration of the antiskinning compound is 
involved in this operation and greater heat is 
generated, more of the antiskinning com- 
pound evaporates into the air. (The heat 
from the printing presses is believed to be at 
least as great as the heat generated in the 
mixing of the yellow ink.) 


One of the workers at the ink company 
stated that he noticed the same reaction, 
especially after he had been working with the 
yellow ink. To verify this action, he was 
given 1% oz. of whiskey immediately after 
work, and within one-half hour he developed 
typical symptoms. Suspicion was thereby 
pointed at the pigment and the antiskinning 
compound. 


The pigment itself is a solid and does not 
evaporate into the air. The antiskinning com- 
pound is m-butyraldoxime, also known as 
butanal oxime (CyHsNOH). It is a colorless 
liquid, molecular weight 87.12, boiling point 
306 F, density 0.923. The manufacturers of 
the product stated that no such effect of this 
chemical was ever noted before but that since 
it is an antioxidant it may possibly interfere 
with the oxidation of alcohol in the body, 
resulting in the formation of increased 
amounts of acetaldehyde. 


To verify the fact further that exposure 
to the grinding of the yellow ink caused this 
reaction, the two workers previously tested 
in the printing plant were removed from the 
plant atmosphere for 24 hours, then given 
a drink of 12 oz. of beer. Their failure to 
develop the typical symptoms was consid- 
ered to indicate that the effects of exposure 
had worn off. They were then sent to the 
printing ink company, where they were put 
to work mixing yellow ink over which is 
poured the antiskinning compound. At this 
operation there is vigorous stirring of the yel- 
low pigment; the temperature is reported to 
rise as high as 120 F, and there is a strong 
odor of the antiskinning compound in the 
air. After five and one-half hours’ work the 
two subjects were each given 1% oz. of 
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whiskey, and again they developed the typi- 
cal reaction. This experiment proved that 
the yellow ink with the antiskinning com- 
pound could produce such symptoms, but it 
was not yet known whether the specific fac- 
tor was the antiskinning compound alone or 
the yellow pigment or the other ingredients 
in the mixture constituting the ink. 


The next experiment was to determine 
whether the neoprene rubber rollers without 
the ink could cause the reaction. Again, the 
two subjects were kept away from work for 
a day, after which they were given a test 
drink of 12 oz. of beer. No reaction occurred. 
They were then put to work cleaning a new, 
unused neoprene rubber roller in a small 
closed room in the basement. In this job, 
they used a clean cloth which they dipped 
with their bare hands into a bucket of a mix- 
ture of acetone and petroleum naphtha. After 
five and one-half hours’ exposure to the 
fumes of the acetone, the naphtha, and what- 
ever the solvent may have taken out of the 
neoprene rollers, they were each given 11% oz. 
of whiskey. Again, they showed no reaction. 
Thus, the acetone and the naphtha, as well as 
anything in or taken out of the neoprene 
rubber, were exonerated. The neoprene rub- 
ber was further eliminated because of the 
absence of symptoms in two men who worked 
in a separate room and were daily exposed 
to rubber dust produced in a_ roller- 
grinding operation. One of these men was an 
abstainer ; the other, a moderate drinker. 


An experiment was then made to deter- 
mine whether it was the antiskinning com- 
pound alone or any of the other compounds 
in the ink which caused the reaction. Accord- 
ingly, the same two subjects, following a two- 
day removal from the working environment, 
were placed in a smali enclosed room of about 
500 cu. ft. In this room they were exposed 
to the vapors emanating from 1% gal. of anti- 
skinning compound poured into a_ basin 
which was immersed in water at a tempera- 
ture of about 100 F. In addition, to allow 
free evaporation of the compound into the 
atmosphere, a towel was soaked in the anti- 
skinning compound and hung on a rack. 
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Although the odor of the antiskinning com- 
pound was strong, it was not sufficient to 
cause tearing, coughing, or gagging. 

The workers stayed in this room, playing 
cards and conversing, for a total of three 
hours. They were then asked to leave the 
room, and each, in the course of an hour, 
was given 1% oz. of whiskey. Both men 
developed a marked reaction, similar to that 
of which the workers on the second floor 
had complained. Since this reaction devel- 
oped after exposure to nothing but the anti- 
skinning compound, this compound 
finally isolated as the causative agent. 


was 


To control exposure to the antiskinning 
compound, the following recommendations 
were made: (1) Markedly increase the ven- 
tilation on the second floor so as to more 
rapidly change the air and thus reduce the 
concentration of the antiskinning compound. 
(2) If possible, reduce the amount of anti- 
skinning compound in the inks, or eliminate 
it entirely and substitute another, less toxic, 


antiskinning compound. 


Lewis, M.D. 
Louts ScHWARTz, M.D. 


Occupational Health Program Schedules 


Autumn Industrial Hygiene Courses 


Three weeks of training courses for pro- 
gram directors and for engineers and chem- 
ists in industrial hygiene will be conducted 
in September at the laboratories of the 
Occupational Health Field Headquarters, 
Public Health Service, U. S. Department of 
Health, Education, and Welfare in Cin- 
cinnati. 

The first course, limited to program direc- 
tors of official agencies, will last for a week, 
starting Sept. 10. This will be followed by a 
two-week course for engineers and chemists 
in industrial hygiene, starting Sept. 17. 

A number of topics are to be covered in 
the course for program directors. Among 
them are general administrative problems, 
relationships with other State agencies, meth- 
ods of reporting occupational diseases, rela- 
tions with the medical and other profes- 
sional groups, personnel problems, and 
general occupational health program activ- 
ities. 

The two-week course for engineers and 
chemists will be more technical, involving 
specific problems in the occupational health 
field. 

As in the past, the first week of study will 
be the same for both engineers and chem- 
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ists, involving such subjects as orientation in 
the field aspects of occupational health, evalu- 
ation of environment, air sampling, dust 
counting and sizing, the fundamentals of 
radiation physics, radiation hazards, instru- 
mentation, and noise. 

In the second week, the engineers and 
chemists will have separate classes, with the 
former concentrating on some of the engi- 
neering techniques used in industrial hygiene 
and the latter taking part in analytical and 
laboratory studies. 

The faculty for the training courses for 
engineers and chemists is drawn from the 
staff of the Occupational Health Field Head- 
quarters. In the course for program direc- 
tors, this faculty will be augmented by a 
number of occupational health authorities in 
State programs and experts outside of official 
agencies. 

In addition to the teaching sessions at the 
Occupational Health Field Headquarters, 
the classes will tour industrial plants in and 
around Cincinnati. 

Application to enroll in the course for 
chemists and engineers should be made as 
soon as possible to Occupational Health Field 
Headquarters, 1014 Broadway, Cincinnati 2. 


O-4/-N Notes 


In December, 1955, Occupation Health 
News, included an article by George Hamma, 
of Detroit, on the increased carbon monoxide 
output of high horsepower automobiles. Some 
of the 1956 vehicles and the modified ones 
of an earlier vintage are presenting a new 
exhaust problem—that of twin tailpipes. The 
annual report of the Bureau of Industrial 
Hygiene, Detroit Department of Health, 
notes that twin exhausts require twin ven- 
tilation tubes, as well as increased general 
ventilation. 

* Ox 

Dr. Clinton C. Powell, of the Division of 
Special Health Services, and Mr. James G. 
Terrill Jr., of the Division of Sanitary Engi- 
neering Services, both of the Public Health 
Service, U. S. Department of Health, Edu- 
cation, and Welfare, have been appointed to 
a Planning Committee of the American 
Standards Association, to study the need for 
and feasibility of standardization in the field 
of atomic energy. Much of the work will deal 
with radiation health and the protection of 
workers. 

8.4 

A case of leptospirosis has been reported 
by the California Department of Public 
Health. The report states that the patient, a 
worker on a beet and cattle ranch, apparently 
contracted the disease through a localized 
dermatitis on his leg. His complaints in- 
cluded nausea, headache, malaise, and fever. 


Diagnosis was confirmed by an agglutination 
test which showed a reaction positive for 
Leptospira pomona in a diiution of 1 : 4000. 
Investigation by the Department of Public 
Health disclosed a cross connection between 
the well water supply of the ranch and a 
storage reservoir used by cattle. 


* * * 


The North Dakota State Department of 
Health is on the alert for possible cases of 
anthrax after an apparent clinical case in a 
farmer was reported. There was no labora- 
tory confirmation of the case. The Depart- 
ment of Health learned that the farmer 
developed a characteristic pustule about 10 
days after skinning a calf. Skin on the farm- 
er’s finger had been broken about two weeks 
earlier by the jagged edge of a bucket. The 
lesion healed following treatment with broad- 
spectrum antibiotics. Dr. E. J. Witte, of the 
Pennsylvania Department of Health, has 
reported two confirmed cases of anthrax in 
two Pennsylvania wool-processing plants. 


The California Department of Public 
Health, Bureau of Adult Health, has begun 
an inventory of in-plant medical services in 
operation in the State. The inventory, seek- 
ing only the most minimal information on 
plant size and type and extent of medical and 
nursing service available, is being carried on 
with the assistance of local health officers. 
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A NEW SERIES IN 


SEX EDUCATION 


Titles in the new series 


® PARENTS’ PRIVILEGE 


for parents of young children 
of pre-school and early 


school age 


® A STORY ABOUT YOU 
for children in grades 4, 5, and 6 


for boys and girls of 
approximately junior high 
school age 


® LEARNING ABOUT LOVE 


for young people 
of both sexes (about 16 to +. 2a. 
20 years of age) ..” 


FACTS AREN’T ENOUGH 


for adults who have any 


responsibility for children 


or youth that may create 


ot 
6 need for an understanding “#245 


of sex education 


Prices of quantity orders 
of any SINGLE title 


copy $  .50 
10 copies 4.25 
25 copies 10.00 
50 copies 18.75 

100 copies 35.00 
250 copies 81.25 
500 copies 150.00 
Set of 5 titles, $2.25 


Distributed By 
Order Department 


AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn St. 
Chicago 10, IIl. 


ORDER BLANK 


Enclosed is $_________(no stamps) for the following pamphlet(s): 
Title Quantity 
1. PARENTS’ PRIVILEGE 
2. A STORY ABOUT YOU 
3. FINDING YOURSELF 
4. LEARNING ABOUT LOVE 
5. FACTS AREN’T ENOUGH 
Complete set of five 


Please send pamphlet(s) to: 
(Please Print) 


Name 
Street 
City. 
Zone. 


1H-6-56 


(Zoxazolamine,? McNeil) 


Dosage: Adults—1 to 2 tablets three or four times ) day with food or im- 
mediately after meals. Children—1 tablet two to four times a day. 


Supplied: Yellow, scored tablets (250 mg.), bottles of 50, 


~ 
PATENT PENDING 


tLissiver: Relief of skeletal muscle sposm without interference with normal function. 


. 
- 
‘ 
ore ff. 
" 


Synthesized and characterized by McNeil Laboratories, FLExin 
relieves the disability and pain of skeletal muscle spasm—com- 
mon denominator of many musculoskeletal and neurological 
disorders.” Its chief advantages are oral route of administration, 
long duration of action, and minimal side effects.” 


not a mephenesin derivative 


FLEXIN provides outstanding and long-lasting—up to 6 hours— 
spasmolysis of voluntary muscle in low back syndromes, fibro- 
sitis, strains, sprains, and in noninflammatory rheumatic and 
arthritic disorders. In one preliminary report of 100 patients, 
FLEXIN demonstrated “...an 85% over-all effectiveness.”" 


Striking results are reported in cerebral palsy. “The administra- 
tion of zoxazolamine (Flexin) in 28 children, each of whom had 
spasticity, produced a decrease of muscular tone on passive 
flexion in every instance.” 


Other studies indicate that FLExin is of value in a highly sig- 
nificant number of patients with multiple sclerosis,”* as well as 
in other spinal spasticity states. 


Smith, R. T.; Kron, K. N.; Peok, W. P., ancl Hermann, |. F.: JAMA. 160:745 (Mor. 3) 
1956. (2) Amols, W.: J.A.M.A. 160:742 (Mor. 3) 1956, (3) Abrahomsen, E. H., and Baird, 


H, W., tl: J.A.M.A, 160:749 (Mar. 3) 1956. (4) Rodriguez-Gomez, M.; Valdes-Rodriguez, A., 
and Drew, A. L.: J.A.M.A. 160:752 (Mor. 3) 1956, 


McNeil Laboratories, Inc + Philadelphia 32, Pa. ; Mc N E I L : 


of skeletal muscle 
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YOUR 


GUIDE TO 


CURRENT PUBLICATIONS 


Quarterly 


Cumulative 
Index Medicus 


WITH AUTHORS AND SUBJECTS... 


Divided into sections, one devoted 
to books and the other to periodical 
literature, the QUARTERLY CUM- 
ULATIVE INDEX MEDICUS con- 
tains a list of current publications 
alphabetized as to authors and sub- 
jects. The exact bibliographic refer- 
ence is given under the author with 
titles in the original language, while 
titles under subjects are all in Eng- 
lish. The index also includes a 
listing of journals, addresses and 
publishers. 


SUBSCRIPTION PRICE $25.00 PER YEAR 
CANADIAN AND FOREIGN $27.00 PER YEAR 


The QUARTERLY CUMULATIVE 
INDEX MEDICUS appears twice a 
year; volumes are cloth bound and 
cover periodicals for six months as 
indicated on the publication. These 
two volumes will be a convenient 
and inclusive reference for current 
medical literature. Invaluable for 
practitioners, specialists, teachers, 
editors, writers, investigators, stu- 
dents and libraries. 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 
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SAFE... 
FAST ee @ 
EFFECTIVE 


ANSERS 
oF GRANULATED SKIN cLe 


ECONOMICAL ... 


PAX-LANOSAV HEAVY DUTY 
granulated SKIN CLEANSER 


For more than a quarter of a century PAX LANO-SAV® HEAVY DUTY has stood for 
the finest in granulated SKIN CLEANSERS! 


SAFE « PAX never dries out workers’ 
hands because of its special formulation, 
plus the well known PAX-LANO- SAV 


emollient. 


ECONOMICAL « PAX is available in 
both “REGULAR” and “FINE”’ grades to 
help save on multiple purchases of many 
different types of skin cleansers. The particle 
size of the scrubber is smaller in the “FINE” 
grade so that men and women office work- 


ers find it gentle to the touch. The “REG- 


ULAR” grade has slightly larger particles 
so that both men and women in the plant 
can feel the firmness with which PAX 


loosens stubborn plant soils. 


FAST ¢ PAX removes all the dirt, grime 
and grease the first washing! Less time spent 


on ‘“‘wash-ups”’ will mean additional over- 
all savings. 


EFFECTIVE « PAX gets results — fast — 


with all types of soils: oil, grease, grime, 
etc., even when they’re deeply ground in. 


Look for the PAX ROOSTER and 
the PAX SEAL. They are trade- 
marks found only on products of 


the highest merit. 


G. H. PACKWOOD MANUFACTURING COMPANY 


Me 


anujacturing Chemists 


1545 TOWER GROVE AVE. @ ST. LOUIS 10, MISSOURI 
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LANO-SAY 
REALLY 
| cee FAST 
(PAX! 
— 
PROG 
S6-£ : 


In Hay Fever, coups, sinusitis — 


Anywhere... Any time 


Neo-Synephrine 


Prompt and Prolonged Decongestion 


Sinus Drainage and Aeration 
In practically all patients 


NO IRRITATION - NO SEDATION ¢- NO EXCITATION 


% Nasal Solutions 0.25%, 0.5% and1% 


plastic, unbreakable 
% Nasal Spray 0.5% Geille 
leakproof, delivers 
Pediatric Nasal Spray 0.25%,] 
with Zephiran® chloride 1:5000, 
antibacterial wetting agent and preservative 
for greater efficiency 


Neo-Synephrine (brand of phenylephrine) 

and Zephiran (brand of benzalkonium, 
as chloride, refined), 

trademarks reg. U.S. Pat. Off. 


NEW YORK 18, N. Y. * WINDSOR, ONT. 
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